EARTH-CURRENT RESULTS, HUANCAYO MAGNETIC OBSERVATORY, 1932-1942 


RESEARCHES OF THE DEPARTMENT OF TERRESTRIAL MAGNETISM 

i t 

VOLUME XV 

• . M. A. TUVE, Director 

. , J. A. FLEMING* Director 
(Retired June 30,1946) 




EARTH-CURRENT RESULTS FROM HUANCAYO OBSERVATORY, PERU, 1932-1942 


W. J. ROONEY 



CARNEGIE INSTITUTION OF WASHINGTON PUBLICATION ' 175 

Washington, D. C. 


Carnegie 1949 

Institution % 

of 

Washington 

1949 




This book first issued in microfilm August, f&49 



V 

! 



Earth-current investigations of the Department of 
Terrestrial Magnetism were begun in 1918. After con¬ 
siderable experimentation in electrode performance, > 
measuring systems for continuous registration were 
designed, and the first installation was made at Watheroo 
Magnetic Observatory in Western Australia in 1923. The 
second installation was made at Huancayo Magnetic Ob¬ 
servatory in Peru in 1926, and the third was made at 
Tucson Magnetic Observatory of the United States Coast 
and Geodetic Survey near Tucson, Arizona, Jn 1931. 

Earth-current data are comparatively scarce in the 
literature, particularly where detailed results are con¬ 
cerned. Most of the results reported for these and other 
stations have consisted chiefly of summaries, average 
values, and the like. Practically the only exception has 
been the investigation at Ebro, Spain, for which station 
the individual hourly values of potential were published 
in the monthly bulletins of the Ebro Observatory from 
1910 to 1938. 

To augment the amount of basic data available for 
study and analysis of earth currents, individual hourly 
values, for the two stations of the Department of Terres¬ 
trial Magnetism^and the co-operative station at Tucson 
are being published for the period during which they 
were operating simultanequsly. Since the Tucson earth- 
current project was in operation only from May, 1931, 
to February, 1943, the records cpver a period just about 
equal in length to the normal 11-year sunspot-cycle. 

With the completion of the present program, there will 
be made available simultaneous records from three first 
class stations, including for the first time an equatorial 
station. 

A full 20-year record from Huancayo Magnetic Ob¬ 
servatory, which is located near the geomagnetic equator, 


has been completed* reduced, and compiled. In addition, 
a resistivity survey of the region about the earth-current 
lines was made in 1929 to supplement the usual potential 
records. The present volume gives mean hourly values 
of earth-current potential for the years 1932-1942, to- t 
gether with summarieB<of the more periodic variations 
and a brief discussisn of their significance. 

The author wishes to acknowledge his indebtedness to 
Dr. John A. Fleming, former Director of the Department 
of Terrestrial Magnetism, for support and encouragement 
in initiating and carrying out the program; and to O. II. 
Gish, Assistant Director, chief of the section of terres¬ 
trial magnetism, who was mainly responsible for the 
plans, equipment, and layout of the measuring system. 
Acknowledgment is Mso due to the observers-in-charge 
of the Huancayo Magnetic Observatory over the 20-year 
period of operation, W. C. Parkinson, R. T. Booth, R. Ho 
Goddard, O. W. Torreson, P. G.^Ledig, S. E. Forbush, 
and J. E. I. Cairns, lor the skill and solicitude with which 
the installation, maintenance,, and operation of the equip¬ 
ment were carried out. 

Earth-current recording at the Huancayo Observa¬ 
tory stopped at the-, end of 1946. On July 1, 1947, the ob¬ 
servatory was transferred by gift of jhe Department of 
Terrestrial Magnetism to the Peruvian Government and 
has operated since under the title of “Geophysical Insti¬ 
tute of Huancayo .” Its control is tested in a Directive 
Committee of which Dr. J. A. Broggi, Director of the 
Geological Institute of Peru, is Chairman. 


W. J. Roopey, 

Department of Terrestrial Magnetism 
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EARTH-CURRENT RESULTS FROM HUANCAYO OBSERVATORY, 


INTRODUCTION 


>ERU, 1 


932-1942 


Registration of earth-current potentials at the Huan- 
cayo Magnetic Observatory of the Department of Ter¬ 
restrial Magnetism, Carnegie Institution of Washington, 
was begun in November, 1926. This observatory is 
located in the high Andes of Peru, about 160 km east of 
Lima, in latitude 12° 02'.7 south and longitude 75° 20'.4 


we/St. The elevation above sea level is approximately 
3350 meters. Although the surrounding country is gen¬ 
erally mountainous, the observatory is situated oh a 
broad and comparatively flat plateau. The views shown 
in Figures 1, 2, and 3 indicate the topography in the 
region about the observatory site. 


DESCRIPTION OF APPARATUS AND OPERATION 


Lines 

The design and equipment of the earth-current meas¬ 
uring system are similar for both Huancayo and Wather- 
oo Magnetic Observatories [1]. The chief features of 
both installations are: (a) provision for obtaining two or 
more independent records of each component 6f the po¬ 
tential gradient, and (b) the use of a compensation or null 
method of measuring the potentials. 

The layout of the earth-current lines at Huancayo and 
the principal topographical features.of the immediate vi¬ 
cinity are shown in Figure 4. To provide independent 
records, the system is a dual one with two sets of elec¬ 
trodes, each arrahged in the form of a cross. The set 
near the observatory site on Pampa Paccha is referred 
to as system 3; the other set, located at a slightly lower 
level on the relatively flat Pampa Sicaya, is designated 
system 1. This arrangement was found best suited to 
the topography at Huancayo and has an advantage over 
the “right-angle common point” layout used at the ob¬ 
servatory at Watheroo because it gives no undue weight 
to effects associated with a single common electrode. 


Recorder 

The recorder used is a Leeds and Northrup multi¬ 
point, multirange recording potentiometer. Photographs 
of the recorder and of its panel board are shown in Fig¬ 
ures 5 and 6, and wiring diagrams indicating the provi¬ 
sions made to obtain a variety of ranges are given in 
Figiires 7 and 8. 

At its highest sensitivity, which has been used 
throughout the recording, the value of one division on 
the record paper is one millivolt. Since the paper has 
80 divisions, the range of voltage which can be covered 
in registration is 80 millivolts. The somewhat unusual 
arrangement of the slide-wire connections, as shown in 
Figure 7, makes it possible to shift the base line or zero 
line by appropriate connections to the two right-hand 
columns of binding posts shown in Figures 5 and 6. 

Usually potentials were recorded between four pairs 
of electrodes to obtain two independent records for each 
of the components, northward and eastward. In this case, 
each pair was connected to three of the 12 pairs of re¬ 
corder points. Approximately one minute is required for 
the recorder to balance and print, so that the cycle of the 
recorder--consisting of a potential'record for each of 


the 12 points and a record of the balance of the potenti¬ 
ometer circuit against a standard cell—is completed in 
about 13 minutes. Hence the records for individual lines 
consisted of approximately 14 points per hour. 

Sample connections showing the flexibility of the re¬ 
cording system are given in Figure 8. Here eight ground 
points are shown connected to give readings of potential 
between five instead of four different pairs of points. As 
connected, the potentials between points IHa-HIb are re¬ 
corded on points 1, 5, and 9 and could vary from +40 to 
+120 millivolts and still be recorded. Potentials be¬ 
tween points me and Hid are recorded twice each cycle 
on points 2 and 10, between la and lb three times on 
points 3, 7, and 11; between lc and Id, three times on 
points 4, 8, and 12, and between me and Id once each 
cycle on point 6. The measurable ranges for the last 
five combinations cited are +60 to +140, +80 to +160, 

+ 100 to +180, and + 180 to +220 millivolts, respectively. 
Although all five co mbinations are shown on different 
ranges in Figure 8, two or all of the combinations may 
be used on the same range if desirable. Furthermore, 
the connections to a given pair of electrodes may be re¬ 
versed at the left-hand pair of binding post columns, in 
which case the signs of the limiting values would be re¬ 
versed. In tills way 23 different scale ranges are avail¬ 
able, each 80 millivolts in width, covering all values be¬ 
tween -260 and +260 millivolts. 


t Electrodes 

The electrodes are web-shaped grids of lead wire, 
built up of five concentric circular loops of wire with 
eight approximately radial arms connecting the loops 
and meeting at the center of the grid to form a core to 
which connection to the lines is made. The outside di¬ 
ameter of the grid is about six meters. Electrodes of 
this type can be ins talled with less excavation for a 
given electrode thap can the spiral-rcoH type 'which was 
used at Watheroo Observatory. Necessary excavation 
was a matter of some concern because of the extremely 
hard subsoil found at Huancayo. All the electrodes are 
placed at depths of 1.5 meters or more in order to be 
below the region of diurnal temperature variation. At 
most of the electrode points two electrodes, separated 
about 12 meters as at Watheroo, were installed to per¬ 
mit the investigation of electrode effects. The electrode 
performance/in this case has been so satisfactory, that 
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at points M and C of system 3, where new electrodes 
were added in September, 1929, and July, 1930, respec¬ 
tively, only a single electrode was installed. 

Since the cost of installing underground conduit was 
prohibitive at this site because of the nature of the soil 
and the diversity of ownership of the fields traversed by 
the lines, all connections from the electrodes to the re¬ 
cording instrument were made by overhead conductors 
of No. 14 (Brown and Sharpe gage) bare copper. Euca- j 
lyptus poles were used at first, but these would not with¬ 
stand the violent and frequent mountain storms. Replace¬ 
ment of the wooden poles by poles of reinforced concrete 
was begun in 1928 and completed in 1930. This has re- < 
duced the cost of line maintenance and the loss of record 
caused by broken lines. The lengths of the several lines, 
and the factors to reduce the recorded values to milli¬ 


volts per kilometer appear in the following table. 



IS - IN 2854 0.3504 ............ 

1W-1E 24150.4141 .. 

3 S - 3 N 3398 J 0.2942 Prior to July 31, 1930 

3 S - 3 C 1757' 0.5691 Since Aug. 1, 1930 

3 W - 3 E 3212 0.3113 Prior to Sep. 15, 1929 

3 M - 3 E 1961 0.5126 Since Sep. 16, 1929 

3W-1E 6750 0.1480 Discontinued Aug. 1, 

1929 


Potential Measurement 

The recorder has been in operation almost continu¬ 
ously since November, 1926, but the percentage of com¬ 
plete and satisfactory daily records obtained during the 
first three years was not nearly so high as that obtained 
at Watheroo. The reasons for this were threefold. First, 
the frequent failure of the eucalyptus poles of the original 
installation caused considerable loss of record. Second, 
the range of variation of the potentials was greater than 
had been anticipated and there was loss of record due to 
the passing of the potentials beyond the particular range 
in use on the recorder at the time. The loss from this 
source was more frequent on the lines of system 3 be¬ 
cause of the greater length of the lines and also because 
the average resistivity of the ground is somewhat higher 
in the vicinity of that system than about system 1. Third, 
the frequency of thunderstorms in the region was a 
source of trouble both in maintaining the system in op¬ 
eration and in obtaining complete and undistorted records. 
The fact that thunderstorms are mostly confined to one 
portion of the day, usually between 14h and 20h, makes 
the resulting distortion in the mean records much more 
pronounced than if their distribution was more random. 

The first difficulty was eliminated by the change to 
concrete poles. Marked improvement in the second re¬ 
spect was effected by reducing the length of the lines of 
system 3 by the addition of the electrpdes at 3 M and 3 C 
and the use of these in place of 3 W apd 3 N as the west¬ 
ern and northern termini, respectively, of the lines. To 
eliminate the extraneous effects due to thunderstorms, 
however, would have required that all the lines be placed 
underground. This action, as mentioned before, was not 
considered practicable. 


D jspite these interruptions, satisfactory daily rec¬ 
ords were obtained on well over half of all days, even in 
lie first three years, and sufficient data to be represent¬ 
ative have been obtained for eyery month. However, the 
loss of record haS'iaade it necessary to take all the. 
available data into consideration in studying the early 
jrecords. Such investigations as have to do with the dif¬ 
ferences between calm and disturbed days were neces¬ 
sarily postponed until after completion of the changes 
referred to, and the loss of record was reduced to nor¬ 
mal proportions. 

During the first 20 months oil operation, simultaneous 
records were obtained from the electrode combinations 
1 S - 1 N, 3 S -t 3 N, 1 W - 1 E, 3W-3E, and 3 W - 
1 E. The numerals here refer to the electrode systejm, 
the letters to the respective electrodes. The diurnal- 
variation curves for each component of the potential gra¬ 
dient were found to be in very close agreement as to 
phase and general appearance but differed somewhat in 
amplitude. The difference was most marked in the case 
of the eastward component!, the hiean amplitude of the 
diurnal variation in the gradient obtained from the line 
3 W - 3 E being always about 75 per cent greater than 
that obtained from 1 W - 1 E. The amplitude of the var¬ 
iation in gradient recorded with the combination 3 W - 
1 E was in every case almost the exact mean of those 
recorded on 3'W - 3 E and 1 W - 1 E, indicating that the 
difference between the latter was not due to electrode¬ 
effects or other factors associated with the method of 
measurement. ■ f 


Earth -Resistivity Survey 

During the last half of 1929, an earth-resistivity sur¬ 
vey was made of the I region surrounding the earth-current 
lines to supplement the records of potential. While the 
resistivity'of the soil near the surface varied from over 
100,000 to less than 2,000 ohm cm, .depending on the 
character of'the overburden, the mean values tended to 
converge to a value around 10,000 ohm cm as earth to 
depths of 200 to 300 meters was included in the meas¬ 
urements, These results are typical for an underlying 
structure of new (geologically) sedimentary rocks. The 
seasonal variation, s.s determined by measurements 
made at the height of the dry season and repeated at 
intervals until the wet season was well under, way, was 
found to be negligible except for the resistivity of a 
superficial surface layer. v 

The most interes ting feature, of the resistivity sur¬ 
vey from the standpoint of earth currents was the indica¬ 
tion of the existence of a Ideal area of high resistivity in 
the southwestern part of Pampa Paccha. Here the aver¬ 
age valued were about three times as great as those 
found generally in the rest of the. area surveyed. 

A detailed report of the res: stivity survey, describ¬ 
ing method, apparatus, extent of the survey area, and 
results obtained will be found ii; Appendix I of this vol- 


At the end of July, 1929, recording on line 3 W - 1 E 
was discontinued, the records f'om this line having, 
served their purpose of establis hing the validity of the 
results from the other west-east line. In September, 
1929, a new electrode 3 M was installed and was used 
thereafter in place -of 3 W for recording the eastward 
component. Since this new electrode was installed before 
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the resistivity survey waswell under way, the change "+ this to offer an adequate explanation for the larger'am- 
was made primarily to reduce the amplitude of the var- plltudes in diurnal variation of the gradient components 

iations in the recorded potentials and thus reduce loss obtained in the early years of lecording on system 3, 

of record due to off-scale deflections. As soon as re- In July, 1930, another electrode 3 C was added to the 

cording with the combination 3 M - 3 E was begun, how- system and thereafter used in place of electrode 3 N. 

ever, It was found that the change had also eliminated This shortening of the south-ncrth line effectively re- , 

the discrepancy in the amplitudes of variations for the duced the loss of record for tho northward component 

eastward component as recorded on the two systems. and brought the amplitude of the variations as recorded 

This circumstance, considered in connection with the on the two systems i nto still clDser agreement, although 
results of the earth-resistivity survey of the region, the records from this original 3 S - 3 If line were never 

showed that the discrepancy in the earlier records was affected so seriously by the resistivity factor as were 

due to the existence of the local area of high resistivity those from 3 W - 3 E. No further alterations or re- 

into which the original lines of system 3 extended. The arrangement of tbe/Jines of either system were found 

western half of the original west-east line of system 3 necessary, and the recording his been continuous and 

reached far enough into this high-resistivity area for satisfactory since 1930. 

. )' f ■ . , 

REDUCTION OF RECORDS V- « 

Until September, 1934, the records from both lines systematic variations, such as those with time of day, 
of both systems were reduced for all days and carefully season of the year, and solar activity, and also to cor- 

compared. A remarkable degree of agreement was relation with results from the e ther two stations. Hence, 

found by the comparison both for diurnal and for other for the first time, the record ol a full sunspot-cycle 

variations of shorter or longer periods. So nearly iden- from three major stations, one of which is an equatorial 

tical were the records from the two systems for the pe- station, will be available when -eports for the three ob- 
riod of four years after the rearrangement of system 3 servatories have been completed, 
that complete reduction of the records from that system The mean hourly values of potential as recorded on 

was discontinued beginning October, 1934. Thereafter the northward and eastward linns of syjstem 1 are shown 

only the records from system 1 were reduced complete- in Tables 29 to 292. The number of complete daily rec- 

ly while those from system 3 were reduced only for ten ords included is 3667 for the-no rthward component and 

days each month or when some unusual feature appeared 3729*for the eastward component, over 90 per cent of 
in the traces. System 1 was chosen for complete reduc- which are the same for both lines. During the first 
tion because it has operated unchanged over the whole three years of recording, 1927 :o 1929,, only about 18 

period of recording and because the topography and re- complete days’ records per mo nth were obtained for 

sistivity of the Earth in this vicinity are more uniform reasons already described. The average of about 28. 

than around system 3. It should be stressed, however, days per month shown in the talnilationfc indicates the 

that all the results and conclusions presented hereafter effectiveness of the changes made in 1929 and 1930 and 

would be almost exactly the same whichever set of data is about as good as is normally obtained in earth cur- 
had been used. rent observatories. The difference between the two 

The records for the entire 20-year period 1926 to components in this respect is briefly due to the fact that 

1945 have been reduced, tabulated, and analyzed. How- because df their local position sud the topography of the 

ever, detailed data are presented here,only for the 11- site electrodes 1 S and 1 N wer; more exposed to the 
year period 1932 to .1942. This interval was chosen be- strong electrostatic fields of thi frequent wet-season 
cause it is about equal to the length of a normal sunspot- thunderstorms than were electrodes 1 W and 1 ;E. Both 

cycle and because it covers the period during which all electrodes 1 S and 1 N were struck by lightning.a num- 

three of the major earth-current projects of the De- ber of times, and the surges du » to passing thunder- 

partment of Terrestrial Magnetism--Watheroo, Huan- storms were generally larger on the south-north line 

cayo, and Tucson--were operating simultaneously. The than on the west-east line with, consequently, greater 

data are consequently adapted to studies of the chief loss of record. 


DISCUSSION OF RESULTS’ 

General Considerations 1 I 1 E, at a given instant is+30 millivolts or-20 millivolts, 


In examining or analyzing the data in the 264 tables 
of hourly means, it must be borne in mind that the abso¬ 
lute values of potential are practically meaningless so 
far as earth-current flow is concerned. This is so be¬ 
cause the greater part of the recorded value, particular¬ 
ly on lines of only\a kilometer or two in length, depends 
chiefly on “contact potentials” due to electrochemical 
action in the soil at and near the electrodes rather than 
on current flow in the ground between them. In study¬ 
ing the tables, it is then immaterial whether the, potential 
read between electrodes 1 S and 1 N, or between 1 W and 


to take some values at random as an example. The im¬ 
portant fact is how the readings; change with time. At 
Huancayo, as elsewhere, the absolute values have been 
found, by comparison of the simultaneous records, to be 
independent of the length or orientation of the line and to 
exhibit no characteristics which would indicate current 
flow. So far as they are concerned then, it suffices to 
say that at Huancayo the magnilude of the contact poten¬ 
tials is relatively small and tha t the moderate changes 
they undergo ane definitely-attributable to changes in the 
moisture conditions in the soil about them and,.for this 
reason, are most pronounced at the times of change from 
dry to west season and back again. 
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The discussion then must deal with variations. The 
first variations notable In any earth-current records 
are the short-period fluctuations which usually accom¬ 
pany magnetic disturbances or storms. Studies of var¬ 
iations of this type call for detailed examination of the 
original records since they are quite complex and can¬ 
not be readily summarized or described. Moreover, 
the intermittent character of the recording at this sta¬ 
tion is not well suited for registration of short-period 
disturbances. Hence no extended discussion of disturb¬ 
ances is attempted here except'to say that they parallel 
the magnetic disturbances and show a high degree of 
correlation with sunspot number and solar activity in 
general. For more detailed discussion of the results 
we pass on to the more regular periodic variations 
which are much more susceptible of analysis and de¬ 
scription. 

Solar Diurnal Variation 

First among the regular variations is the solar di¬ 
urnal variation. From a study of this and its modifica¬ 
tions, the nature and characteristics of earth-current 
flow can be determined most readily. 

The data on solar diurnal variation have been sum¬ 
marized in Tables 3 to 6 and are given for each month 
of the 11-year period in Tables 7 to 28. 


Character of Diurnal Variation 

Over-all curves of the diurnal variation for the 11- 
year period are shown in Figure 9. Positive values 
indicate a component of the current directed northward 
or eastward. The number of days included in these 
means is 3667 ifor the northward and 3729 for the east¬ 
ward component, about 90 per cent of which are the 
same for the two. All available complete days of rec¬ 
ord were used, no attempt being made to classify them. 
Since, however, the more disturbed the day the less like¬ 
lihood there is of obtaining a complete record, quiet 
days undoubtedly predominate. 

The range of the northward component is 2.45 mv 
per km. Av pronounced maximum occurs shortly after 
09h (75th west meridian'time), with a scarcely less 
prominent minimum at about 15h. The range of the east¬ 
ward Component is 3.17 mv per km. The minimum in 
this component corresponds very closely in time with 
the morning maximum of the northward component, and 
the eastward maximum corresponds similarly with the 
afternoon minimum of the northward component. 
Throughout the entire day the curves for the two com¬ 
ponents are remarkably alike except' for the reversed 
sign and the slightly greater magnitqde of the eastward 
component. This close similarity in character is 
brought out even more emphatically by a comparison 
of the phase angles resulting from a Fourier analysis. 

It will be seen from an examination of Table 1 that the 
difference in phase between a given harmonic of the 
northward gradient and the corresponding harmonic of 
the eastward gradient is throughout very close to 180°. 
The mean departure from this difference is less than 
1° for the phase angles derived from the 11-year means 
of the diurnal-variation data and less than 4° for any of 
the mean monthly curves. Hence it appears that the 
flow of earth currents as indicated by the diurnal varia¬ 
tions at Huancayo is closely analogous to a shuttlejlike 


motion back and forth along a line whilch runs approxi¬ 
mately 52° west* of north. Thus the resultant gradient 
undergoes changes in magnitude between positive and 
negative limits without appreciable change in direction, 
the sign reversing around noon and midnight and the 
magnitude becoming feeble during the hours of darkness. 

The diurnal variation differs radically at this station 
from that found at Watheroo [21 and other stations in 
higher latitudes, such as Ebro [3] and Berlin [4]. The, 
most conspicuous difference is perhaps the appearance 
of only one pronounced maximum Instead of the two or 
three observed at the middle-latitude stations. The 
principal maximum and minimum at Huancayo' occur 
roughly at times when the variation id zero at Watheroo. 
Also in keeping with this, the phase angles of the first 
three terms of the Fourier analysis for the Huancayo*^ 
data exceed those for Watheroo data by about 90°. Thus , 
the curve for the Watheroo variation in the northward 
component is roughly the derivative of the curve for the 
corresponding component at Huancayo. The first-term 
amplitudes in the Fourier series for the Huancayo data 
are, however, about five times the corresponding coef¬ 
ficients for the Watheroo data. This relationship seems 
too definite to be regarded as a mere coincidence. It is 
in fact consistent with relations between the variations 
in the magnetic X- and Y-components at the two places 
if we assume that the principal part of the northward 
earth-current component (N) at Huancayo is due to in¬ 
terference by some gross topographical or geological 
features with the earth-current flow^n this region. In 
this connection, it is suspected that the Mantaro River 
valley, which has a general southeasterly direction here 
between high mountain ranges, is an important factor, 
since the river valley without doubt offers the path of i 
least resistance. In the relationship between the mag- ' 
netic components, mentioned above, one sees by an in¬ 
spection of the coefficients resulting from Chapman’s 
analysis [5] of the Earth’s diurnal-variation field that 
for latitude 10° south the variation in tite Y-component 
has the form of a time-derivative of the variation in the 
X-component. Then from the relation between earth- 
current components and magnetic Components observed 
at Berlin, Ebro, and Watheroo, namely, that the diurnal 
variation in N has approximately the form of a time- 
derivative of Yj we may expect the variation in the 
eastward component (E) here to have the same charac¬ 
teristics as found in Y^tiiere. From the general analysis, 
however, it is found that the characteristics ot the diurnal 
variation in Y do not change much with latitude; hence 
we may expect the diurnal variation in| E at Huancayo 
and that in Y at Watheroo to be in phase. Furthermore, 
since N at Watheroo has the form of„a time-derivative 
of Y, it is seen that the Fourier terms of the diurnal 
variation in E at Huancayo and those of the diurnal var¬ 
iation in N at Watheroo, may be expected to differ in 
phase by 90°. From the expressions derived by Chap¬ 
man and Whitehead [6] for the earth-Current potential 
gradients, one sees that the eastward component should 
predominate in low latitudes. In order to reconcile this 
theoretical prediction with the observed facts, it is 
•necessary to take the View that the direction of earth- 
current flow at Huancayo is considerably influenced by 
geographical conditions. At Berliite Ebro, and Watheroo 
the northward component was founa to ‘be considerably 
greater than the eastward, while at Huancayo the east¬ 
ward is markedly larger, so that a tendency in, the direc¬ 
tion of the theoretical prediction can be seen without 
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invoking distorting influences, particularly since the The constants for the harmonic series Zen sin (fid + 

prevailing declination at Huancayo, about 7°, can account $ n ) as determined for the diurnal-variation data shown 
for a considerable part of the departure from a due west- in Figures 9 and 10 and in Tables 5 and 9 are given in 
east direction. j Table 1; 0 * 0, here corresponds to lbcal midnight. Here 

The diurnal variation of the resultant gradient at 1 again the close parallelism between the records for the 

Huancayo could be readily constructed by combining the two components is the outstanding feature of the results, 

two curves in Figure 9. It would, because of the re- The first harmonic or 24-hour wave predominates 

ptricted direction of current-flow, be very similar to throughout the year. At Watheroo and other stations at 
one or the other of tlje component curves, depending on higher latitudes, on the other hand, the amplitude of the 
the direction chosen as positive, and would have a range first harmonic has been found to be consistently smaller 

of about 4.0 mv pen km. The mean diurnal range here than that of the second. This difference in the results 

is nearly four times as great as that at Watheroo, where has already been pointed out in the discussion of the general 

the mean range of the northward component, 1.10 mv shape of the curves in Figure 9. At Huancayo the second 

per km, may be taken as equivalent to that of the result- harmonic, 12-hour wave, has an amplitude from 80 to 90 

ant in view of the minuteness of the eastward component i per cent that of the first, and the third harmonic with 

there [2]. This does not, as might at first appear, indi- amplitude slightly less than half that of the first, comes 

cate a greater flow of current at Huancayo since, as , next in order of importance). The changes in amplitude ' 

shown by the results of surveys made at both places,/ of the several harmonics with season are all very simi-$ 
the average resistivity of the ground here is at leasa lar and consequently quite like thosel in the range of di- * 

ten times as great as that at Watheroo. Hence theroag- urnal variation shown in Figure 10, There is compara- 

nitude of the Huancayo variations, if expressed in terms tively little shift from month to month in the phase 

of current-density, appears to be not more than 40 per angles of the three principal harmonics. This is another 
cent of that at Watheroo. point in which the results differ from those obtained at. 

These general features of the diurnal variation at Watheroo, Ebro, and Berlin, where the seasonal change . 

Huancayo are of unusual interest when consideredi in in amplitude is accompanied by a definite shift in phase 

conjunction with the records from stations at higher and consequently in the times of occurrence of the prin- 

latitudes. Since Huancayo is practically the only equa- cipal maxima and minima of the diurnal-variation curves 

torial station at which extensive earth-current meas- One additional fact in connection with the seasonal 

urements have been made, the data have proved ex- variation is worthy of brief comment;. As stated pre- 

tremely useful in synthesising the results and arriving viously, the maximum range of the diurnal variation here 

at a clearer idea of the general circulation of induced as, elsewhere tends to occur at the equinoxes. Reference 

currents in the Earth as a whole. Gish, in 1937, using to Figure 10, however, will show that if a smooth curve 

many of the data presented here in combination with the were drawn with its minimum at the winter solstice and 

records from Watheroo, Tucson, and the polar year maxima at the equinoxes, the point representing the 

(1932-33). stations at Fairbanks and Chesterfield Inlet, month of January would fall well above the smoothed 

was able to, construcjfmaps showing the circulation re- curve. On the basis of such a curve and of the ranges 

sponsible for the diurnal variation at all these stations recorded in adjacent months we should expect the Janu- 
and to infer the general circulation over the entire earth, ary ranges to be about 2.90 mv per km for the northward 

These maps and their significance can be appreciated component and 3.35 mv per km for the eastward compo- 

best/by reference to the chapter “Earth-Currents” in neht instead of 3.10 and 3.65 mv per km as recorded. 

Phvslcs of the Earth, vol. VHI, Terrestrial Magnetism TMs increase in range, amounting to atjout 10 per cent, 

and Electricity, pp. 270-307. would appear unimportant if considered by itself. How¬ 

ever, in the earth-current records from Tucson [7], a 
distinct January anomaly consisting of an increase in 
Seasonal Variation 1 amplitude sometimes as great as 150 per cent is found, 

and a similar anomaly is found in the variations of the 

Tables 5 and 6 give the inean hourly departures geomagnetic field at that station. The smaller anomaly 

from the mean of day by months. Average values for here noted iqpy therefore be of considerable significance 
the 11-year period are shown and indicate that the am- as indicating a much more extensive asymmetry in the 

plitude- and phase-relation between the two components upper atmosphere current systems than would be re¬ 

remains practically unchanged in the diurnal-variation quired to explain a purely‘local effect at Tucson, 
curves for the individual months of the year. The mean 
range is 1.74 mv per km for the northward and 2.38 mv 

per km for the eastward component. The ranges are Variation With Solar Activity 

smallest in June and usually greatest in the equinoctial 

months, at which times the northward component attains Table 2 gives the range of diurnal variation in com- 

a range of over 3.00 mv per km and that of the eastward parison with sunspot number' and Tables 3 and 4 show 

component reaches 3.75 mv per km. This change with the diurnal variation for individual years. Variations in 

season in the diurnal range is shown graphically in the frequency and intensity of earth-current disturbances 

‘ Figure 10. The records from Watheroo [2] and from with solar activity, as indicated by sunspot number, are 
three stations in the Northern Hemisphere, Ebro, Berlin, a well-established feature of all earth-current records, 
and Greenwich, have also been found to exhibit a similar i n addition to this effect, the normal activity in earth- 

relationship between the position of the Sun ahd the nor- current flow as evidenced by the amplitude of,the regular 

mal activity of earth currents as indicated by the diurnal periodic variations, is also found to vary markedly over 
range [31. Minimum activity at the northern stations r of the sunspot-cycle. In Figure 11 will be found hodograms 

course occurs not in the same month, but at the same showing in a general way how the normal activity in 

season’ namely, midwinter. earth-current flow follows the sunspot number. The 
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central hodogram Is that for the entire 11-year period 
and'the grams on either side are for years which came 
near the time of sunspot minimum and maximum, re- s 
spectively. Similar hodograms for the remaining years 
of the cycle can be constructed from the data In Tables 
3 and 4. tyore detailed and quantitative determination of 
the dependence of normal earth-current activity on solar 
activity may be obtained through comparing the Individual 
monthly data in Tables 7 to 28 with sunspot number. The 
variation from month to month is of course a combina¬ 
tion of a large seasonal variation with a somewhat 
smaller change which follows the sunspoU-eyele; Since 
the seasonal changes at Huancayo are Very regular and 
consist almost entirely of changes in amplitude, allow¬ 
ance can be made for them without too much difficulty. 
The results of an investigation of this kind covering the 
11-year period from 1927 to 1937 and dealing with the 
earth-current records from Huancayo, Watheroo, and 
Tucson are given in Appendix II and indicate that more 
than half of the month to month change in earth-current 
activity is closely related to the condition of the Sun. 


Lunar Diurnal Variation 

A definite lunar diurnal variation in the geomagnetic 
field has been shown by a number of investigators; a 
similar variation in earth-current flow is inevitable. 
Preliminary evaluation of this lunar diurnal variation 


has been made using the data from a single year, 1932. 
Details of this part of the investigation are given in 
Appendix HI, which brings out the general features of 
the variation at Huancayo and also Tucson. The results 
may be briefly summed up as follows. A definite lunar 
diurnal variation of markedly double period i^Jound in 
both components of the potential gradient. Harmonic 
analyses of the mean curves show thsit the amplitude of 
the second harmonic is about one-sixth that of the solar 
diurnal variation for the same year, while the amplitudes 
of the first, third, and fourth harmonics are negligibly 
small. 

The manner in which the lunar diurnal variation 
changes with the phase of the Moon was also examined. 
For both components, the curves constructed for the 
four main phases of the Moon show a marked increase 
in activity during daylight hours and a corresponding 
diminution during the night so that the individual curves 
are no longer semidiurnal- r . 

These results are in close agreement with the re¬ 
sults of study of the magnetic lunar diurnal variation 
at Huancayo, which also Indicate a large difference be¬ 
tween day and night activity in lunar diurnal variation 
at that station'. On the basis of earth-current work at 
Tucson and Ebro (see Appendix HI) aid magnetic inves¬ 
tigations at a number of stations, there is apparently 
less difference between the conditions during day and 
night affecting lunar diurnal variation in middle latitudes 
than near the equator. ,» 
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Figure 

1. General view of Huancayo Magnetic Observatory^ .... 

2. Paccha Pampa, viewed from die northwest ........ 

3. Aerial view of buildings and grounds, Huancayo Magnetic Observatory. 

4. Drawing showing layout of earth-current lines and principal topographical features 

5. Front view of Leeds and Northrup multipoint recorder . ... 

6. Detailed front view of panel board of Leeds and Northrup multipoint recorder . . 

7. Wiring diagram of multipoint recorder.. ... * . . 

8. Detail of wiring diagram of multipoint recorder . ... .p. . 
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9. Eleven-year means, diurnal variation curves, 1932-1942 ... 

lfi. Eleven-year means, seasonal variation curves, 1932 J 1942 .. 

11. Eleven-year means, variation with solar activity, hodograms, 1932-1942 . ... . . 
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Fig. 1. General view of Huancayo Magnetic Observatory from the north, showing topography of site, 
June, 1923 L' 
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Fig. 4. Drawing showing layout of earth-current lines and principal topographical features of immediate vicinity of Huancayo Magnetic 
Obsjervatory \ 
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Fig. 7. Wiring diagram of multipoint recorder, showing provisions to obtain a variety of ranges 
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Fig. 8. Detail of wiring diagram of multipoint recorder 
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Fig. 10. Eleven-year means, seasonal variation curves,JHuancayo Magnetic Observatory, 1932-1942 




Fig. 11. Eleven-year means, variation with solar activity, hodograms, Huancayo Magnetic Observatory, 1932-1942 
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Table 1. Fourier analysis of monthly means of diurnal variation^ of earth current 
gradients at Huancayo Magnetic Observatory, for ten calmest days 
in each month, 1932-1942 

Northward component 


Period 

Amplitudes 

Pha 

pe-an 

jjles 

si 

c 2 

c 3 

c 4 

♦l 

* 

P,' - 


♦3 

^4 


/ ■ 


V 



mvAm 

mvAm 

mvAm 

mvAm 
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44 

20 

355 

18 
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16 

234 ; | 
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75 

71 

39 

15 
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15 
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77 
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60 
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59 
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36 
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340 

114 i 
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61 

45 

19 

5 

359 
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334 

130 'i 

Sep 

66 

55 

29 

7 

354 

172 

358 

217 ! ■' 

Oct 

64 

71 

41 

14 

355 

173 

357 

249 - 

Nov 

57 

64 

33 

13 

354 / 

181 

14 

'264 -• 

Dec 

54 

68 

. 40 

14 

358 

181 , 

8 • 

229 

Annual 

63 

58 

31 

? 

354 

172 

358 

217 ' 


Eastward component 


Period 

Amplitudes 

'Phase-angles 

C 1 

c 2 

c 3 

c 4 • 

h 

H 

*3 

u 


mv/km 

mv/km 

mv/kiri 

mv/km 

o 

O 

O 

O 

Jan 

96 

82 

46 

20 
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o 

198 ’ 

,47 

Feb 

93 

78 

43 

14 

162 

338 

180 

39 

Mar 

97 

83 

50 

21 
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340 
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43 
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91 
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48 

21 
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27 
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81 

60 

33 

12 

‘ 171 

345^ 

173 
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74 

50 

25 
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180 
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75 

55 

26 

8 

171 

350 

173 

335 

Aug 

83 

62 
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69 
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Table 2. Annual means in sunspot number and in range 
of earth-current potential gradient at Huancayo 
Magnetic Observatory, 1932-1942 

(Potential gradient in hundredths of millivolts per kilometer) 


Year 

Sunspot 

number 

Range 3 

Northward 

Eastward 

1932 

n.i 

210 

249 

1933 

5.7 

193 

1 246 

1934 

8.7 

209 

262 ; 

1935 . 

36.1 

236 

289 

1936 

79.7 

282 

369 

1937 1 

114.4 

328 

,424 

1938 

109.6 • 

301 

381 

1939 

88.8 

285 

361 

1940 - _ 

^67.8 

238 

326 

194 IT 

47.5 

225 

304 

1942 

30.6 

196 

275- • 

Mean 

54.5 

245 

317 


a Range in hundredths of millivolts per km 
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DIURNAL VARIATION IN EARTH-CURRENT POTENTIAL GRADIENT AT HUANCAYO MAGNETIC OBSERVATORY 
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DIURNAL VARIATION IN EARTH-CURRENT POTENTIAL GRADIENT AT HUANCAYO MAGNETIC OBSERVATORY 
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DIURNAL VARIATION IN EARTH-CURRENT POTENTIAL GRADIENT AT HUANCAYO MAGNETIC OBSERVATORY 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 
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earth-current potentials at huancayo magnetic observatory 


$ 

05 


1 

bl 

<0 

8 § 8 

H 

O 

8 

a 

£ 

CM 

rH 

rH 

rH 

rH 

rH 

eo 

rH 

88 

rH 

O 

§888 

8 

88 

g 

8 

• 

• 

38 

05 

05 

8 

CM 

05 

05 

rH 

05 

8 

r- 

ui 


2 

H 

01 

01 

01 

CM 

CM 

cS 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

& 

CM 

• 

rH 

CM 

rH 

rH 

rH 

CM 

z 

2 


H 

<* 

rH 

83 

¥ 

8 

CO 

rH 

8 

T mm 

CO 

rH 

00 

rH 

O 

rH 

CO 

rH 

O 

H 

88 

LO 

o 

<0 

H 


8 


8 

88 

§ 

8 

• 

• 

8 

5 

(0 

rH 

rH 

O 

05 

to 

05 

8 


2 


m 

cm 

01 

oa 

01 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

• 

CM 

CM 

CM 

CM 

rH 

rH 

CM 


< 

tu 

2 


m 

H 

05 

rH 

o 

O 

CM 

05 

CO 

CO 

8 

& 

05 

8 

00 

to 

' CM 

H 

fiO 

to 

O 

8 

<0 


H 

• 

£ 

rH 

O 

CM 

H 

CM 

LQ 



m 

rH 

05 

O 

o 

O 

rH 

05 

rH 

rH 

H 

o 

o 

O 

8 

O 

O 

O 

H 

05 

05 

• 

O 

CM 

rH 

CM 

O 

05 

00 

O 



CM 

rH 

01 

01 

CM 

CM 

rH 

CM 

CM 

CM 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

H 


CM 

CM 

CM 

H 

H 

CM 


z 

< 


M 

t- 

CO 

O 

01 

O 

& 

ID 

CM 

CO 


00 


H 

§ 

CO 

O 

LO 

to 


05 

CO 

CO 

CO 


• 

CM 

O 

to 

CO 

CO 

00 

00 



O 

05 

O 

o 

O 

rH 

CM 

rH 

rH 

rH 

0J 

H 

O 

rH 

H 

O 

O 

05 

H 

H 

H 

00 

• 

O 

CO 

CO 

O 

00 

00 

O 


d 


J 

CM 

rH 

01 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

CM 

CM 

H 

• 

CM 

CM 

CM 

CM 

H 

H 

CM 


5 

UJ 


cvi 

8 

CO 

05 


LO 

05 

CO 

CO 

05 

CM 

O 

o> 

CO 

05 

00 

00 

CO 

to 

05 

O 

H 

H 

CO 

CO 

. • 

H 

00 

CM 

LO 

^J 4 

H 4 

Bl 



i 

00 

05 

o 

O 

O 

CM 

rH 

O 

rH 

CM 

H 

CM 

O 

o 

O 

O 

O 

O 

H 

CM 

O 

CO 

00 

• 

O 

CM 

0J 

o 

O 

05 

mSM 

D 

UJ 

2 


& 


rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

• 

CM 

CM 

CM 

CM 

CM 

H 

WSM 

h- 

(0 


TT 

CM 

1 

CO 

rH 

CO 

CO 


rH 

CO 

co 

CO 


O 

CM 

CO 

to 

CO 


O 

05 

H 4 

H 4 

CO 

CO 

O 

LO 

• 

O 

H 4 

00 

CO 

H 4 

CM 

B9 

b 

#5 

O 

O 

O 

O 

o 

rH 

CM 

CM 

rH 

rH 

rH 

H 

H 

H 

O 

O 

05 

05 

O 

H 

CO 

O 

H 4 

05 

• 

O 

H 

o 

O 

O 

O 

mSm 

< 
i) 

UJ 

> 


m 

cm 

OJ 

OJ 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

H 

CM 

CM 

CM 

CM 

CM 

H 

• 

CM 

CM 

CM 

CM 

CM 

CM 

ma 

D 

> 

1*4 

g 

05 

OJ 

<<* 

o- 

CM 


00 

CO 

rH 


LO 

O 

CO 

O 

O 

H 

O 

05 

O 

O 

LO 

CO 

LO 

CO 

CO 

• 

CO 

H 4 

05 

LO 

CM 

05 

00 

Z 

o 

»o 

1^ 


» 

Ol 

OJ 

rH 

rH 

rH 

rH 

H 4 

CO 

rH 

rH 

CM 

O 

H 

CM 

H 

CM 

H 

CM 

O 

O 


CM 

CM 

H 

0 

o 

H 

O 

CM 

CO 

O 

H 



2 

01 

Ol 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

<< 

D 

z 

2 

H 

05 

05 


H 4 

05 

CO 

CM 

O 

H 4 

CO 

H 

lO 


CM 

H 4 

CO 

H 4 

CO 

CO 

H 4 

O 

05 

00 

• 

O 

CM 

o 

O 

LO 

LO 

05 


UJ 

o 

i 

CO 

H 4 

OJ 

OJ 

rH 

rH 

LO 

CO 

CM 

CM 

CM 

CM 

CM 

CO 

CM 

CM 


CM 

o 

CO 


CO 

H 

LO 

• 

CM 

H 4 

H 

CM 

■^t 4 

H 

CM 

1- 


h- 


Ol 

OJ 

OJ 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

• 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Ql 

UJ 

s. 

O 

O 

UJ 

£ 

rH 

O 

o 

rH 

05 

rH 

CO 

00 

CO 

05 

CO 

H 

05 

00 

O 

CM 

LO 

to 

CO 

C^- 

O 

CO 

CO 

H 

0 

CO 

05 

00 

CO 

CO 

00 

O 


cr 

i 

CO 

CO 

L0 

CO 

CM 

rH 

-rH 

CO 


rH 

CM 

H 4 

CO 

CO 

CM 

CM 

LO 

CM 

CM 

LO 

CO 

CO 

CM 


0 

CO 


o 

H 4 


^t 4 

CO 

O 

o 


2 

OJ 

OJ 

OJ 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

X 

z 

o 



























u 



2 

kJ 4 


OJ 


O 

CM. 

CO 

05 

00 

H 4 

O 

oo 

CO 

00 

lO 

CO 


CO 

H 4 

CO 

CO 


O 

LO 

• 

l> 

CO 

O 

05 

CO 

LO 

CM 


CO 


i 

00 

0- 

00 

CO 

CO 

rH 

rH 

CO 

LO 

to 


[> 

t> 

L0 

CO 

CO 

LO 


LO 

CO 


CM 


O 

0 

H 

CO 

H 4 


LO 

CO 

LO 


< 

lO 

CD 

2 

OJ 

01 

OJ 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

C£) 

<r 

CM 

2 

00 

05 

o 

rH 

CO 

LO 

05 

H 4 


H 4 

05 

LO 

LO 

CM 

CO 


CO 

00 


l> 

H 4 

i—1 

CO 

CO 

• 


CM 

CO 


O 

CO 

00 

> 

D 

i 

LO 

CO 

00 


CM 

rH 

rH 

O 


00 

LO 

LO 

CO 

CO 


CO 

CO 

r- 

CO 

LO 

CO 

LO 

CO 

CO 

• 

H 

CO 

H 

H 4 

CM 

CM 

LO 

H 4 

HH 

p_l 

O 

T* 



OJ 

OJ 

Ol 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

• 

CM 

CM 

CM 

CM 

CM 

CM 

t ^ 

g 

JL 

CO 

5 

□ 

05 

00 

o 

O 

LO 

O 

K* 

o 


05 

LO 

O 

O 

O 


H 


o 

O 

00 

LO 

00 

O 

o 

0 

00 

00 


O 

LO 

CO 

CM 

w 

UJ 

H 


LO 

CO 

OJ 

rH 

CM 

CM 

CM 


H 4 

CO 

H 4 

CO 

lO 

CM 

CO 

CM 

CM 

CM 

CM 

CO 

CM 



0 

H 

i — 1 

CO 

CM 

lO 

O 

H 

CO 

2 

2 

o 

r 

H 

OJ 

OJ 

OJ 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0 

CM 

CM 

CM 

CM 

CM 

CM 

(0 

w 

Ll. 

z 

2 

H 4 

H 4 


00 

O 

rH 

LO 


05 

05 

CO 

05 

00 

H 

00 

O 

H 


O 

05 

CO 

00 

O 

CM 



00 

O 

C^* 

CO 

CO 

LO 

o 


i 

o 

CO 

00 

00 

O 

CO 

CM 

O 

CM 

O 

O 

H 

H 

CM 

H 

H 

O 

CM 

LO 

00 

05 

CO 

CO 

CO 

• 

H 

05 

H 

H 

05 

05 

H 

UJ 

D 

X 

h- 

OJ 

OJ 

OJ 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

H 

CM 

CM 

CM 

• 

CM 

H 

CM 

CM 

H 

H 

CM 

< 

(0 

o 

o 

”7 

(VI 

LO 

OJ 

CO 

00 

05 

05 

CO 

LO 


CM 

CM 

00 

CM 

O 

CM 

O 

CM 

O 


CO 

00 

00 

LO 

LO 

• 

CO 

CO 

CO 

O 

00 

o 

00 

> 


z 

■ 

OJ 

00 

lO 

LO 

05 

05 

O 

rH 

05 

05 

05 

H 

O 

CO 

H 

C^- 

r- 

CO 


o 

O 

00 

00 

CO 

• 

H 

CO 

O 

o- 


LO 


| 

vj 

oc 

UJ 

J 

i 

H 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

CM 

CM 

H 

CM 

H 

H 

H 

r—1 

H 

H 

H 

H 

H 

• 

CM 

H 

H 

H 

H 

H 

rH 

(0 

UJ 


■ 

lO 

[> 

OJ 


LO 

o 

CO 

H 4 

05 

O 

LO 

O 

O 

CO 

LO 

O 

CM 

CO 


LO 

05 

O 

LO 

CO 

• 

CM 


H 4 


O 

CO 

LO 

h 

Ol 


H 

o 

OJ 

CO 

LO 

00 

05 

00 

O 

O 

CO 

CO 

LO 

O 

H 

LO 

o- 


H 4 

O 

LO 

00 

LO 


CO 

• 

CO 

CM 


O 

LO 

CM 

LO 

-1 

o 

UJ 

ss 

kh 


rH 

rH 

rH 

rH 

1—1 

rH 

rH 

CM 

CM 

rH 

rH 

H 

CM 

H 

i—1 

H 

i—1 

i —1 

H 

H 

H 

H 

H 

H 


H 

H 

H 

H 

H 

i—1 

i—1 

> 

> 

1 

CO 

n 

O 

CO 

O 

rH 

CO 

00 

O 

CO 

00 

CO 


CO 

CM 

H 

O 

H 

CO 

CM 

O 

CO 

LO 

H 

05 

CO 


CO 

O 

CM 

CO 

O 

CO 

00 

_J 

CO 

HH 

i 

00 

OJ 

OJ 

CO 

o 

o 

00 

CO 

LO 

LO 

CO 

LO 

H 4 

CO 


CO 

CM 

O 

lO 

LO 


LO 

^J 4 

LO 

• 

LO 

CO 

LO 

i—1 

CM 

O 


-J 

CO 

UJ 

0) 

rH 

rH 

rH 

rH 

rH 

i—1 

CM 

rH 

rH 

rH 

H 

H 

i—1 

H 

H 

H 

H 

H 

H 

rH 

r-H 

rH 

H 


H 

H 

i—( 

H 

H 

H 

r—1 


UJ 

O 

z 

05 

1 

OJ 

lO 

05 

CO 


r- 

l0 

00 

LO 

00 

CO 

O 

CM 

Ov 

CO 

H 4 

00 


CM 

05 

L0 

CO 


CO 

% 

CO 

o 

UJ 

LO 

00 

O 

CM 


o 

—1 

H 

CO 

CO 

o 

CO 

lO 

o 

05 

LO 

00 

CM 

O- 

LO 

CM 

CO 

CO 

CO 

c- 

LO 


LO 

[> 


CO 


CM 

LO 

CO 

CO 

LO 

CM 

lO 

Ll. 

o 

=> 

CO 


00 

pH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

H 

i—1 

H 

1—1 

H 

H 

H 

H 

H 

H 

H 

H 

H 

• 

H 

1—1 

H 

H 

H 

H 

H 

(0 

Q 

00 

o 

OJ 

o 

rH 

l> 

rH 


CO 


00 

CM 

CM 



o 

00 

CO 

H 4 

CM 

CO 


O 

CO 

O 

• 

O 


I> 

CM 

CO 

00 

O 

x 

cr 

& 

to 

r- 

00 

O 

CO 

o- 


C^ 

CO 

CO 

O 

00 


CO 

LO 

O 

CO 

O 

l> 

CO 

00 

o 


CO 

• 

CO 

CO 

LO 

O 

05 

CO 


h- 

o 

< 


rH 

rH 

rH 

CM 

rH 

*—1 

1—1 

rH 

rH 

rH 

rH 

H 

H 

H 

H 

H 

r—i 

CM 

H 

H 

1—1 

H 

rH 

H 


H 

1—1 

H 

H 

H 

H 

H 

z 

UJ 

LL. 

£-4 

m 

CO 

o 


CO 

rH 



o 

00 

00 

CO 

05 

O 

LO 

LO 

LO 

CO 

00 

CM 

H 

co 

CM 

CO 

l> 

4 

05 

o 

CO 

CO 

05 

CM 

o 

L_ 

CO 

cd 

In 

05 

rH 

o 

rH 

oo 

05 

05 

rH 

o 

05 

o 

05 

O 

i—1 

o 

05 

o 

05 

05 

O 

o 

O 

,00 

00 

0 

00 

o 

00 


i—1 

05 

o 


UJ 

o 

Q 

rH 

OJ 

OJ 

CM 

rH 

rH 

rH 

CM 

CM 

rH 

CM 

H 

CM 

CM 

CM 

rH 

CM 

H 

H 

CM 

CM 

CM 

r—1 

1—1 

0 

H 

CM 

f —{ 

CM 

CM 

H 

CM 

z 

O 

< 

z 

B 

CD 

00 

05 

H 4 

LO 

H 4 

CO 

rH 


CM 

CM 

05 

O 

CO 




CO 

CO 

CM 

i—1 

O 

CO 

H 

* 

LO 

05 


CO 

05 

CO 

CO 


cr 

L_ 

05 

pH 

05 

o 

05 

o 

O 

rH 

i —1 

O 

H 

i—1 

H 

05 

o 

05 

O 

O 

05 

CD 

o 

H 

O 

05 

« 

05 

o 

05 

O 

05 

05 

o 

LJ 

UJ 

UJ 

< 

z 

iO 

rH 

OJ 

rH 

CM 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

H 

CM 

CM 

H 

CM 

CM 

CM 

CM 

H 

' 0 

H 

CM 

r—1 

CM 

r—1 

rH 

CM 

(0 

CO 

UJ 

z 

lO 

1 

H- 1 

05 

CO 

rH 

t —i 

CO 

CO 

lO 

rH 

CO 

iO 

CO 

CO 

CO 

lO 

00 

CO 

LO 

H 


CM 

LO 

^i 

00 


o- 

o 

CO 


00 

C75 

CO 

UJ 

UJ 

cr 

n 

05 

o 

05 

O 

O 

O 

o 

rH 

rH 

rH 

O 

H 

O 

05 

O 

05 

05 

o 

O 

O 

O 

O 

O 

05 

• 

05 

H 

05 

o 

05 

CO 

o 

a: 

vy 

CL 

V 

* 

rH 

OJ 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

H 

H 

CM 

CM 

CM 

CM 

CM 

CM 

H 

• 

H 

CM 

H 

c\} 

H 

H 

CM 

CL 

X 

Ld 

< 

o 

o 


CO 

05 

CO 

pH 

CO 

05 

CM 

O 

O 

LO 

O 

O 

rH 

CO 

o 

H 4 

O 

O 

rH 

05 

H 

H 

i — 1 

CM 

H 

O 

CO 

CD 

O 

o 

CO 

O 

CO 

o 

CO 

05 

CO 

O 

CO 

o 

CO 

05 

l> 

O 

05 

05 

• 

• 

O 

o 

CO 

O 

05 

05 

00 

o 

H 

05 

CO 

05 

H 4 

O 


cO 

UJ 

CO 

rH 

OJ 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

CM 

CM 

H 

CM 

CM 

H 

CM 

H 

♦ 

CM 

CM 

i — 1 

CM 

i—J 

1 — 1 

CM 


D 

-J 


CO 

CO 

05 

CO 

pH 

o 

05 

CO 

o 

05 

05 

O 

O 

00 

o 

o 

CM 

rH 

rH 

CO 

O 

CO 

H 

i — 1 

H 

05 

H 

CM 

O 

05 

O 

LO 

O 

CO 

05 

CO 

H 

O 

00 

o 

O 

O 

H 

H 

05 

05 

• 

• 

00 

00 

L0 

O 

CM 

O 

O 

o 

CO 

05 

'sO 

05 

LO 

o 




OJ 

rH 

OJ 

rH 

CM 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

CM 

CM’ 

CM 

CM 

CM 

H 

• 

H 

CM 

CM 

CM 

1—1 

1 —1 

CM 

f 1936 

cr 

< 


(VJ 

1 

193 

215 

201 

203 

204 

206 

212 

240 

216 

220 

211 

212 

224 

204 

207 

204 

200 

205 

200 

209 

204 

202 

193 

203 

• 

• 

• 

190 

210 

200 

210 

202 

194 

206 

D 

CD 

< 

h- 


1 

o 

194 

217 

199 

203 

204 

202 

214 

211 

223 

245 

217 

221 

220 

206 

207 

204 

211 

232 

204 

CO 

o 

CM 

202 

203 

194 

206 

• 

• 

190 

194 

208 

209 

211 

193 

208 

cr: 

UJ 


































(f) 

< 

I 


































z 

CD 

z: 

<c 

*0> 

h- 


DAY 

rH 

■ 

OJ 

CO 

H 4 

LO 

CO 

o 

00 

05 

10 

H 

H 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

< 

UJ 

5 


132 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 

JANUARY 1936 EXPRESSED IN TENTHS OF MILLIVOLTS—VALUE S POSITIVE EXCEPT AS INDICATED JANUARY 1936 

(THE TABULAR VALUES ARE AVERAGES FOR SUCCESSIVE PERIODS OF ONE HOUR AS INDICATED 75° WEST MERIDIAN MEAN TIME) 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 
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EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


CM 

cn 


£ 

52 

< 

> 


Q 

UJ 

I- 

< 

O 

D 

Z 


(0 

< 


0 . 

UJ 

O 

X 


u 


Cxi 

> 

HH 

S- 

< 

o 

Cxi 


cn 

UJ 

D 

_J 

< 

> 


CO 

f- 

O 

> 




o 

<0 

I 

h- 

z 

UJ 

f- 


Q 

UJ 

(0 

(0 

UJ 

cr 

CL 

X 

ui 


CM 

o* 

CD 


>« 

cr: 


Z 

O) 


UJ 


5 


H 

Z 

< 

UJ 

5 


z 

< 

q 

a: 

UJ 

5 


h- 

CO 

UJ 

$ 

o 

lO 

s 

Q 

u 

h- 

< 

O 

D 

Z 


CO 

< 

a 

D 

O 

I 

u 

z 

o 

u. 

O 

CO 

a 

o 

cr 

UJ 

CL 


Ul 

> 

CO 

CO 

UJ 

U 

U 

D 

CO 

cr 

o 

u 


CO 

UJ 

O 

< 

cr 

u 

> 

< 

UJ 

cr 

< 

(0 

UJ 

D 

_J 

< 

> 

cr 

< 

D 

CO 

< 


UJ 

I 

I— 


52 

Cxi 

D 

cc 

€r* 

z 

o 

k 

o 

ul 

C£ 

O 


LO 

CO 

CM 


CO 

* 

z 


I 

h- 

o 

z 

u 


z 

HH 

I 

CO 

HH 

UJ 

z 


n 

cd 

<c 

r? 

F- 4 

a: 

o 


z 

ul 

Z 

o 

CL 

5 

O 

u 


2 

0 > 

m 

<o 


<n 


CO 

CM 

rH 

CM 

• CO 

rH 

H 

o 

CM 

CM 

CM 

to 

o 

eo 

u? 

CM 

CM 

rH 

St 

S' 

o 


rH 

o 

o 

< 


rH 

rH 

rH 

cn 

cn 

CO 

00 

00 

GO 

• o 

O 

cn 

00 

0 D 

00 

CD 

CD 

00 

00 

00 

00 

00 

a> 

00 

00 

cn 

00 

OO 

oo 

o> 

UJ 

2 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

• CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

S 

J 

rH 

CM 

CO 

CO 

s~ 



CM 

CO 


• <o 

r- 

cn 

O 

O 

LO 

CM 

O 

O 

* 

00 

LO 

CO 

CO 

to 

CM 


** 

to 


O 

CM 

CO 

O 

rH 

cn 

cn 

00 

00 

GO 

ao 

• O 

cn 

oo 

IS 

r- 

OO 

ao 

00 

00 

O 

S' 

00 

00 

cn 

00 

00 

00 

00 

00 

00 

cn 

ft 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

• CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

JO 

rH 

O 

CO 

O 

cn 

CM 

O 

CO 

CM 

o 

• CO 


CM 

CM 

CO 

CM 

O 

s* 

O 

CO 

rH 


cn 

to 


00 


to 

CM 


rH 

T 

CM 

CM 

rH 

cn 

cn 

cn 

00 

00 

00 

cn 

• O 

cn 

cn 

IS 

s* 

O 

cn 

r- 

cn 

cn 

cn 

00 

00 

01 

00 

ao 

ao 

oo 

00 

00 

cn 

ft 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• CM 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

1 

CM 

CO 

O 

CO 

CO 

rH 

S' 

lO 

CM 

CO 

• ^ 

CO 


CO 


CM 

O 

rH 

O 

LO 

s- 

O 

CM 

O 


o 


** 

if) 

o 

o 

CM 

rH 

O 

rH 

cn 

cn 

s- 

00 

S' 

ao 

• O 

o 

ao 

S 

IS 

DO 

00 

00 

00 

00 

00 

ao 

00 

cn 

00 

o 

00 

00 

00 

00 

cn 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

• CM 

rH 

r —1 

rH 

rH 

CM 

rH 

rH 

t—i 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

CO 

CM 

O 

s- 

S' 


O 

CM 

o 

DO 

• O 

DO 

CO 

cn 

CO 

DO 

CM 

rH 

LO 

ao 

CO 

o 

CM 

CM 

CO 

o 

S' 


CM 

cn 

o 

1 

CM 

cn 

rH 

O 

cn 

00 

00 

cn 

s> 

OO 

• rH 

00 

cn 

is 

cn 

rH 

00 

00 

IS 

ao 

00 

00 

00 

cn 

S' 

00 

00 

ao 

cn 

S' 

cn 

O 

CM 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

• CM 

rH 

rH 

rH 

rH 

CM 

rH 

i—< 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

— 

O 

CM 

i 

CM 

o 

CM 

rH 

CO 

O 

00 

rH 

cn 

LO 

• CO 

O 

o 

O 

CO 

LO 

LO 

00 



eo 

CO 



CM 

00 

IS 

t- 

o 

CO 

cn 

CM 

cn 

rH 

cn 

00 

cn 

O 

00 

oo 

O 

• rH 

O 

00 

00 

00 

ao 

00 

S 

IS 

00 

cn 

00 

00 

cn 

S' 

cn 

00 

S' 

rH 

S' 

00 

0 ) 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i—i 

i —1 

rH 

t—i 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

9 

CO 

o 

lO 

LO 

00 


i —l 

00 

CM 

o 

. O 

CO 

DO 

LO 


cn 

CM 

00 

s- 

O 

to 


cn 

CO 

S' 


LO 

LO 

O 

to 


i 

i—l 

cn 

rH 

cn 

00 

o 

00 

LO 

cn 

o 

• ^ 

rH 

cn 

ao 

cn 

is 

cn 

cn 

IS 

00 

cn 

o 

cn 

o 

S' 

rH 

cn 

00 

cn 

cn 

cn 

ao 

CM 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

• CM 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

CM 

rH 

rH 

i—i 

rH 

rH 

00 

S' 

O 

CO 

CO 

cn 

00 

CM 

CO 

DO 

cn 

• DO 

r- 


cn 

CO 

DO 

CM 



DO 

O 

O 


S' 

CO 

LO 

CO 

CO 

CO 

CM 

rH 

i 

O 

rH 

DO 

LO 

cn 

rH 

cn 

cn 

00 

00 

• ^ 

rH 

O 

IS 

00 

CO 

1—1 

00 

00 

IS 

O 

O 

O 

O 

cn 

rH 

O 

S' 

00 

O 

O 

I s - 

CM 

CM 

CM 

CM 

rH 

CM 

rH 

i—i 

rH 

rH 

• CM 

CM 

CM 

i—i 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

CM 

CM 

rH 

rH 

CM 

CM 

r- 

CO 

o 

O 

CM 

O 

o 

CO 

DO 

o 

o 

• CO 

CM 

00 

CO 

O 

CO 

CM 

CO 

rH 

CO 

IS 

CM 


CD 

CM 

IS 

CM 

to 

CM 


o 

l 

DO 

rH 

o 

LO 

O 

CM 

cn 

CM 

rH 

rH 

• LO 

CM 

cn 

s 

cn 

CO 


00 

i —1 

cn 

cn 

O 

rH 

rH 

CM 

cn 

rH 

00 

cn 

cn 

t —1 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

CM 

CM 

CM 

• CM 

CM 

i—i 

1 —1 

i—i 

rH 

CM 

f —1 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

<0 

DO 

O 

DO 


LO 

CO 

LO 

cn 

O 

O 

• O 

CO 

CM 

LO 

CM 

00 

O 

CM 


LO 

CO 

to 

LO 

O 

LO 


o 

o 

CO 

CO 

O 

1 

LO 

DO 

o 

CO 

CM 

DO 

O 

CM 

rH 

DO 

• O 


CM 

00 

DO 

S' 

rH 

rH 

O 


00 

t —1 

i —1 

DO 

rH 

cn 

CM 

cn 

00 

00 

CM 

m 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

• CM 

CM 

CM 

rH 

CM 

rH 

CM 

CM 

CM 

CM 

rH 

CM 

CM 

CM 

CM 

rH 

CM 

rH 

r —1 

rH 

CM 

tO 

CO 

DO 

00 

CO 


CO 

LO 


DO 

CO 

• LO 


r- 

o 

CM 

DO 

O 

LO 

O 

O 

CO 


DO 

to 

o 

o 

cn 

00 

CM 

cn 

DO 

i 

DO 

O 

CO 

cn 

S' 

LO 

CM 

DO 

CM 

CM 

• LO 

LO 

DO 

cn 

i —1 

O 

cn 

DO 

rH 

CO 

cn 

rH 

rH 

DO 

cn 

cn 

cn 

o 

00 

00 

C\i 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

• CM 

CM 

CM 

rH 

CM 

CM 

rH 

CM 

CM 

CM 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

CM 


CO 

LO 

cn 

CO 

o 

S' 

LO 

DO 

kJ 4 

00 

• ao 

O 

00 

LO 

00 

O 

o 


LO 


CM 

ao 

CM 


S' 

LO 


cn 

LO 

CM 

CO 

i 

DO 

cn 


00 

f> 

CM 

rH 

i —\ 

O 

i —1 

• CO 


cn 

cn 

O 

rH 

o 

to 

CM 

00 

rH 

o 

rH 

CM 

m 

cn 

cn 

o 

00 

cn 

rH 

ro 

CM 

i—i 

CM 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

• 1—1 

CM 

i—i 

i—< 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

ro 

CM 

o 

LO 

DO 

O 

ao 

o 

o 

i —{ 

O 

• CO 

CM 

o 

CO 

S- 

CM 

CM 

O 

O 

IS 

CO 

CO 

O 


00 

i —< 

LO 

o 

CO 

S' 

cn 

i 

DO 


rH 

o 

CM 


cn 

cn 

cn 

CM 

• rH 


cn 

IS 

CO 

O 

CM 

DO 

i —1 

O 

O 

cn 

cn 

O 

00 

rH 

cn 

CM 

CM 

cn 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

i—i 

CM 

• CM 

CM 

rH 

i —1 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

i —i 

rH 

CM 

rH 

CM 

rH 

CM 

CM 

i—i 

CM 

CM 


O 

5 * 

O 

CM 

CM 



LO 

O 

• CM 

CM 

CM 

o 

o 

CM 

O 

S^ 

DO 

CM 

O 

LO 

CM 

CM 

CO 

CO 

CO 

§ 

O 

CO 

DO 


CM 

CO 

cn 

CM 

O 

o 

o 

CO 

LO 

LO 

• 00 

LO 

LO 

IS 

00 

cn 

00 

00 

00 

LO 

rH 

CO 

IS 

LO 

S' 

S' 

00 

O 

00 

00 

1 

CM 

CM 

i—i 

CM 

CM 

r —1 

rH 

rH 

i —1 

rH 

• rH 

rH 

i —1 

rH 

rH 

1 —1 

rH 

1—1 

rH 

rH 

CM 

i —\ 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

__ 

s- 

CM 

o 

O 

o 

o 


CO 


CM 

• DO 

DO 

LO 

o 

CO 

o 

CO 

1—1 

DO 


O 

00 


o 

S' 

cO 

LO 

S' 

CO 

cn 

S' 


O 

o 

00 

00 


rH 

CO 

DO 

CM 

DO 

• CO 


LO 

O 

CO 

LO 




o 

00 


LO 


S' 

lO 

IS 

S' 

LO 

co 

lD 

1 

O 

CM 

CM 

rH 

rH 

rH 

r —\ 

rH 

r —1 

i —1 

i —1 

• rH 

rH 

i —1 

CM 

rH 

rH 

r —1 

rH 

i —1 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

i—) 

rH 

rH 

o 

CM 

00 

CM 

o 

CM 

LO 

CM 

CM 


O 

• o 


o 

CM . 

cn 

o 

o 



CM 

cn 

00 


LO 

o 

o 

CM 

CM 

CM 

cn 

S' 


00 

cn 


CM 


DO 

LO 

DO 

CM 

CM 

• DO 

o 

cO 

LO 

CM 

DO 

CM 

DO 

CM 

cn 

lO 

to 

DO 


LO 

00 

S' 

DO 

CO 

LO 


1 

0 ) 

rH 

»—i 

rH 

CM 

rH 

rH 

1 —1 

i —1 

rH 

i —1 

• rH 

1—1 

i—i 

rH 

rH 

rH 

i —1 

rH 

rH 


r—l 

1 —1 

i —1 

rH 

rH 

1—1 

»—1 

i —1 

i—< 

r —1 

rH 

O) 

1 

00 

CO 

CO 

O 

O 

CO 

o 

rH 

o 

00 

* O 

o 

DO 

O 

CM 

o 

IS 

cn 

DO 


CM 


o 

O 

CO 

CO 



CM 

CL) 

o 

00 

cn 

S' 

00 

DO 

LO 

CO 

DO 

LO 

■sf . 

• LO 

LO 

IS 

CO 

LO 

CM 

CM 

DO 

CM 

rH 

LO 

DO 


LO 


LO 

S' 


'■rf 


lD 

1 

00 

t —1 

•—i 

rH 

f —1 

rH 

i —1 

r —i 

i —1 

i —1 

rH 

• r —1 

rH 

rH 

rH 

rH 

t —1 

rH 

rH 

i —1 

rH 

i —1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

00 

CO 

CM 

CM 

o 

o 


CO 

LO 

o 

O 

• o 

cn 

LO 

LO 

O 

00 

00 

O 

O 

CM 

LO 

LO 

to 

CO 

LO 

i —1 

j —1 

00 

00 

CO 

S' 

rr> 

rH 

cn 

o 

S' 

CO 

CO 

LO 

CO 


• 00 

o 

o 

00 

IS 

LO 

LO 



LO 

LO 

LO 

cO 

no 

CO 

S' 

00 

LO 


LO 

CO 

1 

r- 

i—i 

CM 

rH 

i—l 

rH 

1 —i 

I —1 

rH 

rH 

i —1 

• rH 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

i —1 

rH 

i —1 

rH 

rH 

rH 

rH 

1—1 

rH 

1—\ 

rH 

rH 

r"H 



O 


DO 

CO 

'O 

CM 

DO 

CO 

CO 

* CM 

CO 

[> 


CM 

LO 


S' 

i —1 



S' 

s- 


o 

CM 

DO 

CM 


DO 

o 

r- 

i 

CM 

DO 

rH 

CM 

cn 

cn 

o 

o 

00 

00 

• 1 —\ 

O 

00 

00 

00 

cn 

r- 

CO 

IS 

00 

IS 

S' 

s- 

00 

00 

O 

cn 

00 

cO 

S' 

cn 

i 

CO 

CM 

CM 

CM 

CM 

rH 

i—i 

CM 

rH 

1—1 

rH 

• CM 

CM 

1 —\ 

i —1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

1—1 

CM 

i—i 

J —1 

r—< 

rH 

r —1 

CD 

o 

00 

00 

lO 

LO 

00 

CO 

00 

CO 

DO 

• CO 



DO 

CO 

o 

to 

CO 

OO 


CO 

O 

cn 


1—1 

O 

CO 

00 

rH 

CO 

in 

1 

CM 

rH 

C ) 

CM 

i —1 

m 

cn 

o 

no 

r- 

• O 

o 

cn 

00 

IS 

CO 

IS 

00 

s- 

00 

S' 

00 

is 

m 

00 

00 

cn 

00 

S' 

S' 

tO 

1 

ao 

CM 

CM 

CM 

CM 

CM 

rH 

i—i 

rH 

i —1 

i—i 

• CM 

CM 

rH 

i —i 

i —1 

1—1 

i —1 

rH 

f —\ 

1—1 

r —1 

rH 

i—i 

i—i 

rH 

1—1 

i—i 

rH 

rH 

f—< 

i—i 


DO 

(T> 


lO 


CO 

CM 

o 

O 

cn 

• ^ 



CM 

CM 

cn 

UJ 

s- 

CO 

cn 


o 

cn 


CO 


o 

r —1 


CO 

o 

cO 

I-| 

CM 

rH 

CM 

O 

cn 

cn 

00 

00 

r^- 

• cn 

co 

cn 

cn 

00 

cn 

IS 

00 

S' 

IS 

s- 

00 

is 

cn 

00 

CO 

cn 

cn 

S' 

00 

cn 


CM 

CM 

CM 

CM 

CM 

i —i 

rH 

t —1 

1—1 

!- 1 

* • i—i 

CM 

rH 

r —1 

1—1 

rH 

!—1 

rH 

i —1 

i—i 

H 

1—1 

rH 

r—i 

rH 

r —1 

i—i 

1—1 

rH 

1—1 

rH 


H" 


O 

O 


lO 

CO 

r 0 

o 

o 

• CM 

DO 


IS 

CM 

o 

LO 


o 

DO 

cn 

CO 

o 

CO 

CM 

DO 

CM 

cn 

S' 

ro 

t—< 

N 

i —l 

CM 

CM 

rH 

O 

cn 

cn 

CO 

cn 

o 

• rH 

O 

cn 

00 

00 

00 

CO 

00 

00 

00 

S- 

00 

00 

00 

cn 

00 

cn 

00 

S' 

S' 

<n 

1 

ro 

CM 

6 a 

CM 

CM 

CM 

i—i 

i—i 

rH 

i—i 

rH 

• CM 

CM 

i—i 

rH 

1—1 

1 —1 

1—1 

1—1 

J —1 

rH 

i —i 

»—1 

rH 

f—i 

i—i 

i—l 

i—i 

•—i 

t —1 

i —1 

i—i 

ro 

O 

CO 

O 

CO 

00 

CM 

CO 

CO 

o 


• 00 

rH 

o 

CM 

rH 

CO 

00 

o 

cn 

cn 

CO 

1—1 

ao 


00 


lO 

o 

cn 

CO 

CM 

/~T“\ 

CM 

f —1 

CM 

rH 

o 

O 

00 

00 

cn 

00 

• o 

rH 

o 

cn 

00 

00 

00 

00 

S' 

S' 

s- 

cn 

(S 

00 

00 

oo 

cn 

on 

S' 

S' 

( )J 

l 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

i —1 

i —\ 

1—1 

• CM 

CM 

CM 

i—i 

i —1 

1—1 

1 —1 

1—1 

1—1 

rH 

rH 

i—i 

t—i 

r —1 

rH 

r—i 

rH 

i—< 

?—1 

1—1 

r —\ 

ru 

ro 

lO 

CM 

lO 

S' 

CM 


CO 

CO 

CO 

. o 

cn 

CM 

CO 

o 

LO 

s- 

CO 

o 



j— i 

o 

CO 


CM 


DO 

rH 


LO 

v 

CM 

CM 

rH 

O 

O 

O 

cn 

00 

00 

cn 

• rH 

o 

O 

IS 

00 

cn 

s- 

cn 

CM 

00 

00 

cn 

00 

00 

cn 

00 

00 

cn 

00 

00 

l^V) 

f _j 

1 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

• CM 

CM 

CM 

rH 

1—1 

rH 

1—1 

rH 

CM 

1 —< 

rH 

rH 

J —1 

r —1 

rH 

rH 

i —1 

rH 

i —1 

1—1 



rH 

cn 



DO 

LO 

CO 

vf 


sf 

• O 

i—< 

O 

LO 

CO 

CO 

cn 

CO 


S' 

cO 

00 


cO 


DO 

S' 

rH 

CO 

CO 

CM 

1 

CM 

o 

DO 

cn 

rH 

O 

S' 

00 

00 

00 

• i —\ 

i—< 

O 

00 

CO 

00 

s- 

00 

cn 

IS 

cn 

S' 

00 

CO 

cn 

00 

00 

cn 

CO 

uu 

w j 

__j 

1 

o 

CM 

CM' 

CM 

rH 

CM 

CM 

t —1 

i —1 

rH 

1—1 

• CM 

CM 

CM 

rH 

rH 

rH 

i—i 

rH 

rH 

rH 

<—\ 

rH 

j —\ 

1—1 

i—i 

rH 

«—1 

i —i 

1 —< 

r 1 

r i 

DAY 

rH 

CM 

DO 

K t 

LO 

CO 

s 

00 

cn 

o 

j —\ 

n 

12 

13 

14 

15 

16 

17 

18 

61 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

o 

to 

31 

MEANS 


278 




EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


OJ 

'S' 

2 id 

^ 2 

S i= 

» z 

5 < 

3 “ 


Q 

UJ f— 

H 10 C£J 

< UJ 
O $ W 

Q n £ 

z % ^ 


£ y a 

u o E 

X Z Q 


=> |- 

^ ^ o 

> S z 

I cr -I 

(/) Ld 

h Q- 

-i UJ 

O Ld t_H 

> > 4 

j (/) h 

-J tO Ld 

5 Ld Z 

° j, 

to 

I a n 

K o 

5 u. <1 “ 

z “D 

Ld fc 

U Z) '0 

UJ *r 

Z O 1tJ 

— < 

Q u ^ 

UJ ^ z 

(0 < UJ 


' 02 

LO 

lO 

o 

CO 


CD 

00 

uo 

1/3 

• CD 

00 

CD 

rH 


CO 

EQ 

to 

CO 

to 

rH 

8 

03 

co 

CO 

r- 

8 

rH 

& 

00 

CD 

rT 

03 

03 

02 

CO 

CO 

CO 



• CD 

o 

02 

CO 

CO 

CO 

to 

to 

CO 

03 

03 

02 

02 

CO 

02 

CO 

02 

02 

02 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CD 

O 

O 

CO 

O 

02 


CO 

LO 

03 

• CO 

L0 

CO 

CO 

O 

CO 

LO 

SC 

CO 

03 

CO 

CO 

LO 

SC 

o- 

03 

CO 

rH 

CO 


CO 

02 

CO 

O 

rH 





L/3 

LO 

• o 

CO 

CO 

02 

02 

CO 

03 

to 


CO 

rH 


02 

CO 


03 

CO 

CO 

CO 

CO 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

02 

CO 

00 

00 

02 

03 

03 

CO 

o 


* O 

CO 

rH 

02 

rH 

02 

03 

0*- 

CO 


CO 

CO 

O 

CO 

CD 

00 

03 

02 


CO 

1/3 

CO 

kJ 4 

rH 

00 





L/3 

CO 

• rH 

CO 


CO 

CO 

LO 


co 


02 

03 


02 

CO 


02 

CO 

CO 

CO 

CO 

CO 

»—i 

rH 

rH 


rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i — 4 

rH 


03 O ^ C\) O 
to ^ O OJ ^ 


C\] O to to H 
tO ^ H CM ^ 


^ ^ to CO to 
o] ^ H OJ to 


rH 02 00 O O 
tO i—I 


02 O H tO ^ 


^ (O OJ O rH 

^ CO ^ ^ CO 


to to ^ to h 
CO CO LO to 


cm cd cd oo o 

^ CO CO to ^ 

i—I rH r—I i—I rH 


^ OJ o ^ CO 
LO ^ H CO ^ 


00 rH O CO 


rH 

rH 

i—4 

rH 

rH 

1 —1 

rH 

rH 

rH 

i—4 

• i—i 

rH 

rH 

i—4 

i—4 

rH 

rH 

rH 

rH 

rH 

rH 

1 —I 

rH 

i —4 

f—4 

i —4 

rH 

rH 

i—4 

rH 


03 

00 

to 


o 


rH 

o 

CO 

• CO 

02 

CO 

CO 


t< ) 

CD 


CO 

o 

02 

CD 

CD 

CO 


CD 

CD 

CO 

(D 

O) 


t> 

CD 

02 

LO 

CX3 

Lfj 

o 

o 

t> 

• 02 


O' 

LO 

to 

'3 

rH 


CO 



CO 


LO 

CD 




to 

O’ 1 

rH 

i—1 

rH 

02 

i—4 

rH 

i—4 

1—1 

1—1 

rH 

• rH 

i—4 

rH 

i—4 

i —4 

rH 

02 

rH 

rH 

rH 

i—4 

i—4 

rH 

i—4 

(—4 

rH 

rH 

r—4 

i—4 

r—4 


LO 

O 

O 

"st 1 

02 

00 

CD 

D2 

o 

• co 


CD 

O 

02 

CO 

to 

02 


o 



02 

CO 

00 

02 

to 

o 

00 

C^) 

1/3 

00 

o 

CO 

o 

no 

U3 

00 

O 

an 

• ^ 

CO 


to 

O 

02 

CO 

CO 

CO 

00 

to 

o 

LO 

CO 

CO 


CO 

LO 

to 

to 


O 1 o r O 0 to 


<rr CD O no 


LO .0 'X) o 

a) o cd 

i —i 


CO O CO oo 

CO (O rH Z3 c^- 

rH i—I r—I 


03 O to no to 

-02 CO CM tO) O 

t —I i—I i—4 rH i—I 


o 1 Li j cm lo 
M >2 'M r-t co 

rH i—I rH i—H rH 


to ■ O O CO H* 
CD (—I 03 (—I rH 
rH H rH 


lij CO LO r O 

f ' M M CO O 


rH lib co r- 

2 0 ^ fO 

r—4 i —I rH i—I r—*1 


O C ) rH f > vf 

do co lo ro 

rH i—I i—4 r—I r—I 


un 

i 

fH 


O 

i—4 

CD 

0 

i—4 

D) 

i —4 

(.M 

• 1/3 

to 

'TT 

O 

■4* 

_\2 


r O' 

■2 

r 

t^3 


CO 

LO 


• 03 

m 

lM 

ro 

ro 


f-< 

i —4 

rH 

rH 

rH 

rH 

i—4 

1—1 

f—4 

rH 

# 


t—l 

rH 

rH 



-cr 

^3 

CD 

CO 

LO 

t^3 

rH 

lO 


• ^ 

CO 

to 

1/3 

LO 


'c 

•ro 


«D 

f ) 

r^j 


vr 

ID 

«rti 

• < n 

CD 

CM 

CM 

to 

fO 

i—4 

rH 

rH 


rH 

rH 

rH 

rH 

rH 

r—H 

• i—4 


rH 

rH 

r-H 

CO 

r—-4 

LO 

lO 

"D 

LO 

i—4 

a; 

v/ 

r i 

c0 

• ^ 

st 1 

r H 

tO 


ro 

.3 

vT 

i—4 

( 3 


K) 


X) 

*D 

• C ; 

C ■' 

to 

to 

CO 

OJ 

fH 

rH 

rH 

rH 

r—4 

rH 

rH 

H 

r — 1 

rH 

• i—4 

rH 

H 

rH 

rH 

OJ 

1 

rH 

ro 

■O 

ro 

, H 

2 

CM 

vf 

LO 

O': 

• ro 

CO 

rH 

DP 


ro 

r^3 

.3 

(■ Vj 

-H 


O 1 

vr 

Li 3 

U; 

• ( ) 

L ^ 

ro 

r-H 

to 


r—i 

rH 

H 


r. —^ 

rH 

i—1 

rH 

rH 

1 "* 

• rH 

rH 

rH 

rH 

i—4 


'JO 

D 

r- 


CD 

‘O 

r^3 


LO 

'■2 

• 'M 

to 


i—4 

o 

1 

O 

r-.-J 

■o 

no 

rH 

vr 

CM 

'D 

Kf 

L/3 

. r -H 

o 

ro 

CO 

/ — 4 

o 

rH 

rH 

rH 


rH i 

rH 

r—4 

rH 

rH 

r-H 

• rH 

rH 

i—4 

rH 

»—1 

$ 

rH 

02 

r^3 


Li 3 

tO 

[> 

13 

CD 


i—♦ 02 

to 


t/3 

•o 

Q 









r—< 

r H rH 

rH 

i—4 

rH 

i—4 


CD O O (D 

o to ^ to 


H CO LO 
02 CO 


h O (J) 
CO 02 ^ ^ 


to LO LO rH 
^ CM IS cO 


O O O O 


CO 0- CM 00 O 
CM CD CM tO lO 
rH i—I rH i—4 rH 


CO 02 O CD CO 

LO IS to CO «cP 


CO CO LO LO ^ 

^ ^ to 


(D rH CO CTO 03 
^ CO LO LO ^ 


^ O to r o 00 
CO 02 to ^ ^ 


^ 1/2 CO 02 
03 02 ^ CM CO 


^ LD ^ ^ 02 
Tf 02 LO C\J CO 


o o o o 
to to to ^ 


o r- co s 
H 1 co co ^ ^ 


LO 02 O O rH 


CO ^ o ^ o ^ 
CO COto 


00 to to 00 o 03 oo 

Kp 02 CO to CO co 


r- r- ^ lo lo co 
^ co to ** CO 


^ oo cd oo is 

l/j U2 CO tT tC Tf 

I—I rH rH rH I—I rH 


id h r r co 
to co LD ^ CO LG 


to o C3 lo 

rH o co :M 


O ^ O c\) ^ 


i 

rH 

rH 

rH 

rH 

03 

CM 

l 

rH 

i—1 

rH 

rH 

• rH 

rH 

i—4 

rH 

i—4 

rH 

rH 

i—1 

rH 

rH 

rH 

rH 

rH 

i—4 

rH 

rH 

rH 

i—4 

rH 

rH 


i—4 

DO 


o 


C 3 

LO 

o 



• o 

oo 

r- 

co 

O- 

O 

00 


<?3 

O 


DO 


DO 

au 

00 

O 

rH 

IS 

CM 

1 

"sf 

to 


CD 

CD 

CO 

CO 

CO 

CO 

O 

• 00 

DO 

i—4 

CM 

00 

IS 


00 

00 

CM 

Z3 


Lfj 

1/3 

to 

CM 

to 

LO 

to 

^cP 

n 

rH 

rH 

i—1 


r-H 

rH 

r—4 

rH 

i —4 

rH 

• 

rH 

rH 

rH 

rH 

rH 

i—4 

rH 

rH 

CM 

i—1 

rH 

i —4 

i—4 

rH 

i—4 

rH 

i—4 

rH 

r—4 

n 

o 

CD 

CO 

CD 

t?3 

CD 

LO 

CM 

c 3 

C 3 

• DO 

CM 

CM 

Li 3 

02 


00 

CO 

O 

CM 

02 

to 

O 


to 

o 

S 



o 

“ 

CO 

o 

O 

CD 


LO 



CO 

o 

• CD 

to 

i —• 

CO 

CO 

1/3 

to 

O 

IS 



CM 

DO 

CM 

to 


CM 

LO 

ts 


0J 

rH 

rH 

rH 

i—4 

rH 

f—4 

i—1 

rH 

i —4 

i—4 

• rH 

rH 

rH 

i—4 

rH 

rH 

!-1 

rH 

rH 

i—1 

rH 

rH 

t—4 

rH 

rH 

rH 

rH 

rH 

r-H 

rH 

OJ 

o 

1/3 

■to 

CD 

l/3 

cD 

(13 

L/3 


c 3 


C .) 

( > 

Lfj 

o 

00 

00 

00 

ts 

tO 


CD 

CM 

DO 

rH 

to 

o 

o 

0J 

CM 

— 

(—4 

CO 

00 

rH 

03 

i—4 

M 

rH 

i — 4 

(M 

• M3 

ro 

a3 

CM 

DO 

DO 

DO 

CM 

DO 

00 


03 

rH 

00 

CM 

i—4 

CM 



DO 

= 

rH 

rH 


i —4 

rH 

rH 

rH 

i—1 

rH 

rH 




i—4 

rH 

i—4 

rH 

r—4 

rH 


i—4 


rH 


rH 

rH 

rH 

rH 

i—4 

rH 

___ 

O 

02 

O 4 

CD 

CO 

-Ai 

1/3 

c- 

f—1 

CO 

• 


CO 

■0 

o 

CD 

O 

O. 

DO 

i—4 

CD 

2 

CD 

CO 

DO 

o 

o 


oo 

O 


r > 

CM 

00 

no 

c- 

LO 

rH 

OJ 

op 

CD 

• L/3 

DO 

CD 

CO 

CD 

rH 

i—4 

O' 

O 


rH 

00 

CD 

(S 

f-1 

03 

r—1 

r—4 

C 3 

r > 

o 

rH 

r—4 





rH 







rH 

i —4 

t—4 

i —4 




i — ^ 




f- \ 


i—4 

f—J 

rH 

rH 

o 

LO 

■ 2 

CD 


tO 

m 

CM 

rH 


C ) 

• (M 

CO 

C 3 

DO 

CO 

LO 

M 

CO 

CM 

CO 

L/3 

CM 

rH 



LO 

LO. 

.CD 

Lfj 

CM 

1 

no 

to 

t> 

rH 
.-1 

co 

CO 

CD 

CD 

00 

73 

• 03 

CO 

(D 

CD 

l> 

00 

CD 

S 

L/3 

CM 

00 

r- 

IS 

IS 

oo 

o 

rH 

CD 

rH 

O 

C. 3 

rH 

o 

1 — 1 


00 

CM 

(D 

CD 

rH 

CO 

CO 

o 

CM 

i—4 

rH 

00 

c-p 

r ) 

CM 

i—i 

rH 

X) 

03 

r—l 

rH 

i—4 

rH 


02 no to 02 00 
rH CO t> r- LO 


r ' o CO LO CO 
rH rH O 00 O 


^ CV2 CO 03 O 
M t/3 rH O CM 

i—I (—I i—I (—t rH 


ro t) (7) LO c\2 
.0 C \2 r—t 03 CO 

I—I I—I rH i —I I—I 


^ ^ CO 


LO ID ^ to o 
00 CO O 00 


< \1 O lO lO no 
no no oo cd rH 


:\2 O CO C O ' ' 

rH O o rH 02 

I—I I—I I—I I—I I—I 


^ ^ rH ^ tO 
i—I CD rH i—I 02 
i—I i—I i—I i—I rH 


'sf CO 02 CO O 
rH CD rH rH (70 
I—( I—( rH I—I i—I 


CD O c<0 CD (D 
i—I rH :\2 i—"I rH 


K2 L/3 LO o o 
02 O 02 02 rH 

i—I i—I i—i rH r 7 


CO CO CO 02 CO 
02 rH 02 02 02 
i—i rH i —i i — \ i ^ 


CD co 02 no CO 

CO 02 rH 02 M 
rH i—I rH i—( i—I 


rH 02 CO H 1 LO 

(02 CvJ 02 C.\2 02 



CO 00 00 02 LO O 
00 07 O no CO (D 


CO o O O st 1 rH 

CD CD 02 CD CD C > 


CO CD O L0 u; O 

i—I O 02 -—• O -—( 

t —I i—I rH -—I i—i - I 


lO O O DO CD 00 00 O rH 00 02 C O 

cd o lo r- co oj to to to ^ to 


CO O 00 CD 


M3 O 

lM 

rH CM 

'M 

rH rH 

t -< 

C 3 i—1 

O 

CM DO 

M 

f — 1 r—1 

rH 

CM tO 

O 

CM lM 

M 

i — 4 i — 1 

f - < 

'•/' rH 

no 

lM CM 

v-M 

rH rH 

t — 1 

ts s 

-13 

CM CM 

aJ 

rH rH 

f — \ 

DO O 

(D 

DO D<3 

lM 

rH rH 

r-H 


c n 


z 

C 3 r—4 

< 

D^3 t73 

UJ 


5 


277 













EARTH _ CURRENT POTENTIALS at huancayo magnetic observatory 


$ 

CD 

rH 

N 

UJ 


1 

LJ 

2 

176 

170 

165 

« 

• 

• 

• 

• 

* 

175 

169 

161 

4 

* 

• 

* 

* 

• 

133 

124 

121 

4 * 

t 4 

• 4 

124 

120 

118 

121 

142 

135 

131 

142 

185 

155 

142 

150 

151 

<0 

rH 

X 

25 

MEAN TIM 


H 

O rH CO 

0 <0 

01 H rl 

• 

* 

• 

* 

• 

• 

166 

170 

158 

• 

• 

* 

4 

• 

4 

126 

126 

124 

4 • 

4 4 

4 4 

128 

129 

122 

126 

164 

147 

142 

124 

183 

157 

O O) t* 
to lO to 

rH rH rH 

150 

CC 

CQ 

W 

c* 



202 

164 

167 

• 

• 

• 

• 

• 

173 

169 

162 

« 

• 

• 

• 

4 

124 

124 

123 

• 4 

* • 

• • 

129 

127 

126 

142 

170 

146 

134 

135 
192 

150 

148 

162 

156 

1 


z 

< 

0 


vi— 

CM 

CM 

CVJ 


» 

• 

• 

* 

« 

174 

172 

163 

• 

• 

• 

4 

• 

• 

131 

116 

126 

4 • 

• • 

4 • 

152 

123 

123 

144 

149 

154 

139 

135 

218 

141 

148 

155 

153 

1 


cr 

UJ 

5 


oj 

1 

0 

f\J 

H9EK1 

* 

• 

• 

• 

• 

• 

170 

180 

167 

• 

• 

• 

• 

• 

• 

134 

137 

127 

4 • 

0 0 

0 4 

131 

132 
126 
141 
132 

152 

131 

113 

210 

136 

146' 

155 

145 

1 

D 

UJ 

K 

< 

H 

(0 

Id 

25 

g 

0 

CVJ 

1 

<D 

179 

155 

162 

• 

« 

• 

• 

• 

• 

164 
175 

165 

• 

• 

0 

• 

• 

• 

133 

133 

127 

4 4 

• • 

• 0 

122 

129 

127 

140 

156 

143 

160 

139 

197 

125 

CO ^ CO 

^ 10 to 

rH' rH rH 

149 

O 

Q 

Z 

$ 

0 

iO 

I s - 

05 

6-* 


181 

178 

161 

* 

• 

• 

• 

• 

• 

162 

186 

172 

• 

• 

* 

• 

• 

• 

143 

160 

143 

0 4 

• • 

• • 

126 

128 

130 

162 

168 

168 

152 

123 

224 

180 

154 

130 

172 

162 

<CEPT AS 

Q 

UJ 

H 

Z 

O 

h- 

1 

172 

169 

174 

• 

• 

• 

• 

• 

• 

209 

194 

181 

• 

• 

* 

• 

• 

• 

170 

143 

156 

• • 

• • 

4 • 

144 

131 

135 

163 

170 

184 

170 

163 

257 

180 

173 

196 

195 

174 

AS INDICA 

O 

UJ 

cr 

1 

183 

178 

174 

• 

• 

• 

• 

• 

• 

210 

203 

204 

• 

• 

0 

• 

• 

• 

186 

142 

160 

0 0 

• • 

• • 

133 

135 

157 

182 

182 

193 

192 

216 

233 

170 

180 

209 

80 

177 

u 

LJ 

10 

<0 

1 

iO 

197 

184 

182 

• 

• 

• 

• 

0 

• 

207 

208 

215 

• 

• 

• 

• 

• 

• 

160 

136 

134 

0 • 

• • 

• • 

132 

166 

169 

177 

184 

178 

177 

180 

210 

188 

176 

200 

154 

178 

w 
> 
♦—i 

E-* 

cr 

3 

O 

00 

03 

UO 

1 

214 

184 

192 

• 

• 

• 

• 

• 

• 

250 

204 

198 

• 

• 

• 

• 

• 

184 

120 

110 

• * 

• • 

• • 

148 

164 

158 

153 

150 

144 

147 

180 

221 

174 

165 

173 

146 

172 

<L 

O 

C*3 

2: 

I 

UJ 

Z 

KMS_ 

1 

n 

210 

202 

194 

• 

• 

• 

• 

• 

• 

232 

192 

185 

• 

• 

• 

• 

• 

• 

125 

116 

110 

• • 

• • 

• • 

140 

159 

143 

131 

145 

126 

132 

130 

174 

125 

136 

150 

130 

154 

Kf) 

LJ 

D 

OF C 

z 

I 

2-13 

202 

200 

195 

• 

• 

• 

• 

• 

• 

218 

163 

164 

• 

• 

• 

• 

• 

• 

104 

105 

102 

• • 

• • 

• • 

130 

129 

115 

110 

102 

110 

125 

200 

193 

123 

110 

120 

198 

146 

_J 

% 

PERIODS 

F— 

0 

Z 

UJ 

_j 

CVJ 

170 

180 

166 

• 

• 

• 

• 

• 

• 

190 

130 

132 

• 

• 

• 

• 

• 

• 

84 

85 

103 

• • 

• • 

• • 

111 

85 

75 

50 

120 

84 

90 

180 

166 

67 

93 

90 

185 

120 

(/) 

h 

_J 

2 

1 

O 

155 

132 

145 

• 

• 

• 

• 

• 

0 

132 

120 

90 

• 

• 

• 

• 

• 

• 

80 

93 

94 

• • 

• 0 

0 

92 

66 

68 

44 

100 

64 

95 

174 

115 

96 

94 

80 

280 

110 

O 

> 

UJ 

> 

(/) 

00 

AH 

co 

AH 

UJ 

O 

1 

O) 

130 

114 

124 

• 

0 

• 

• 

• 

• 

104 

115 

90 

• 

• 

• 

• 

• 

• 

94 

92 

100 

0 • 

• • 

• • 

90 

59 

53 

62 

74 

O CO 03 H 4 O 

O O rl rH OJ 
rH 1 — 1 1 — 1 

112 

122 

94 

97 

THS OF Ml 

UJ 

0 

0 

D 

z 

_J 

cn 

1 

QO 

126 

130 

118 

• 

• 

• 

• 

• 

• 

124 

127 

99 

• 

• 

• 

• 

• 

• 

124 

105 

102 

0 0 

• • 

• • 

86 

80 

59 

84 

114 

98 

96 

60 

134 

120 

117 

133 

56 

104 

CO 

cr 

0 

Q 

05 

00 

1 

r- 

134 

150 

143 

• 

• 

• 

• 

• 

• 

130 

146 

136 

• 

• 

• 

• 

140 

135 

107 

• • 

• • 

• • 

105 
103 

106 

112 

137 

114 

120 

107 

180 

188 

141 

150 

150 

133 

z 

UJ 

h- 

u. 

<f) 

UJ 

:? 

rr: 

EH 

05 

O 

I s - 

1 

CO 

167 

184 

163 

• 

• 

• 

• 

• 

• 

183 

183 

176 

• 

• 

• 

• 

• 

CO CO 

CO CO CM 

1 —i 1 — 1 rH 

• • 

• • 

• 0 

140 

125 

122 

128 

160 

155 

131 

135 

210 

214 

146 

164 

172 

158 

Z 

Q 

h 

0 

< 

cr 

UJ 

2 

h- 

Z 

CO 

1 

in 

170 

181 

164 

• 

• 

• 

• 

• 

• 

178 

173 

171 

• 

• 

• 

• 

137 

129 

122 

• 0 

• • 

• • 

124 

119 

114 

99 

133 

141 

118 

134 

175 

182 

146 

140 

144 

145 

(/) 

U1 

UJ 

cr 

VALUES ARE AV 

UJ 

Z 

O 

a 

iT) 

1 

175 

180 

169 

• 

• 

• 

• 

• 

• 

172 

166 

167 

• 

• 

• 

• 

• 

• 

133 

124 

118 

• • 

• • 

• • 

116 

120 

112 

97 

131 

140 

109 

127 

184 

172 

143 

140 

126 

142 

CL 

X 

UJ 

0 

0 

1 

ro 

172 

184 

170 

• 

• 

• 

# 

• 

• 

163 

171 

169 

• 

• 

• 

• 

• 

• 

134 

127 

120 

• • 

• • 

• • 

120 

116 

115 

96 

136 

128 

114 

130 

174 

173 

143 

140 

139 

142 



ro 

1 

CVJ 

174 

182 

166 

• 

• 

• 

• 

• 

• 

172 

174 

163 

• 

• 

• 

• 

• 

132 

129 

130 

• • 

• • 

• 0 

126 

119 

120 

105 

144 

136 
115 

137 
190 

176 

139 

139 

145 

146 

cr 

< 


CVJ 

180 

167 

164- 

• 

• 

• 

163 
170 

164 

• 

• 

• 

• 

• 

124 

127 

122 

0 0 

• • 

• • 

131 

114 

126 

124 

146 

132 

134 

136 

148 

178 

141 

139 

146 

144 

^ < 
>H P 


1 

O 

183 

194 

170 

• 

• 

• 

• 

• 

02 ^ CD 
CO CO CO 
rH rH rH 

• 

• 

• 

• 

• 

0 

136 

128 

123 

• • 

• • 

• • 

120 

126 

130 

124 

145 

CO CO O CO 

oj ^ ^ co 00 

rH rH rH rH rH 

155 

143 

152 

00 

H 4 

rH 

FEBRUAR 

(the 


DAY 

H C\] W 


LO 

CO 00 

CD 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

MEANS 




1_ 

1 .... 1 .—-—---' 


V 


278 

















EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


cm 



z 

gj 

38 

• 

• 

CO 

CM 

O 

• 

• 

o 

CD 

CM 

• 

• 

<D 

CM 

£ 

LO 

rH 

LO 

00 

00 

CD 

LO 


rH 

CO 

CM 




< 

CM 

• 

• 

10 

LO 

CO 

• 

t 

CO 

LO 

CO 

* 

• 

IN 

CD 

r- 

00 

00 

00 

CD 

to 

CD 

C- 

00 

IN 

r- 

cd 

fH 



UJ 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 


UJ 


2 































S 


1 


HMW 

mmmmm 

mmmmm 





wmm^m 



JlLJJUl 

a_L.IJ.I »■» 

.11.1 Jl.l 

















•*“ 


CD 

rH 


0 

• 


LO 


• 

• 

CD 

CO 

CM 

• 

• 

CO 

CO 

O 

O 

CO 

to 

O 

CD 

CM 

00 

CO 

CO 


r- 

< 

h- 


CM 


to 

• 

• 


CO 

CO 

• 

• 

LO 

CO 

IN 

• 

• 

CD 

CD 

CD 

CO 

rH 

O 

O 

r- 

rT 

00 

00 

CD 

00 

t- 




KM 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

# 

• 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

H 

cr 

z 


mm 





























cu 

w 

< 


H 

rH 

LO 

LO 

• 

• 

rH 


CO 

• 

• 

CO 

rH 

CO 

• 

• 



CM 

00 


(D 

CD 

O 

rH 


CO 

rH 

UJ 

00 

CX-4 

u 


rH 


to 

• 

• 

LO 

CO 

CO 

• 

• 

LO 

CO 

IN 

• 

• 

00 

CD 

CD 

r- 

CM 

CD 

00 

CD 

UJ 

00 

00 

CD 

00 

N- 


5 


rl 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 


• 

rH 

rH 

rH 

0 

• 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

H 


z 


(VI 

CVJ 

1 

IN 

O 

to 

♦ 

• 

IN 

CO 

CO 

• 


O 

00 

UJ 

0 


O 

CM 

to 

to 

CO 

« CD 


CM 

H 4 

00 

CO 

CO 

CD 

CD 


< 


CO 

LO 

to 

• 


H 4 

CO 

CO 

• 

• 

CO 

UJ 

CO 

• 

• 

rH 

CD 

CD 

00 

O 

O 

CD 

CD 

r** 

IN 

00 

00 

IN 

00 


Q 


OJ 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

• 

• 

rH 

rH 

rH 


• 

CM 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

H 


cr 

UJ 


CVJ 

1 

CM 

LO 

to 

• 

• 

CD 

to 

rH 

• 

• 

H 1 

to 

CM 


• 

DO 

UJ 

CM 

H 4 

i 

rH 

CO 

CO 

IN 

O 

CO 

CO 

CO 

O 

no 




LO 

to 

• 

• 

H 4 

t> 

IN 



CO 

00 

N 



CD 

o 

CD 

00 

00 

O 

00 

CO 

UJ 

IN 

00 

00 


IN 

o 

u 

2 



o 

(M 

rH 

rH 

1—1 

• 


rH 

rH 

i—1 



rH 

rH 

r—1 



rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

H 

I- 



O 

CM 

CO 

CM 

CM 

• 


O 

to 

CM 



O 

to 

to 




CO 


CM 

O 

to 

O 

H 4 

O 

to 

CD 

H 4 

CO 

t—i 

h- 

(0 

W 



LO 

to 

• 

• 

H 4 

l> 

IN 



CO 

N 

CO 



00 

CD 

CD 

00 

rH 

CD 

CM 

CD 

N- 

CO 

00 

00 

00 

00 

< 
t ) 

UJ 

> 

CO 


1 

o> 

rH 

rH 

H 

• 

• 

rH 

f—I 

rH 



f—1 

rH 

i —1 

• 


rH 

rH 

t—1 

i—1 

CM 

rH 

CM 

rH 

CM 

i—1 

rH 

rH 

f—1 

rH 

Q 

> 

!=> 

CC 



H 4 

CD 

CM 

• 

• 

O 

CD 

to 

• 


CD 

CO 

UJ 

• 

• 

CO 

H 1 

rH 

00 

H 4 

rH 

IN 

UJ 

IN 

CM 

IN 

00 

00 

H 


0 




LO 

LO 

to 

• 

• 

H 4 

IN 

00 

• 


LO 

CO 

00 

• 

• 

00 

CD 

O 

CD 

CM 

CM 

O 

IN 

OO 

CM 

CD 

rH 

o 

CD 


75 




1—1 

rH 

i—1 

• 


rH 

i—1 

rH 

• 


rH 

i—< 

rH 

• 

• 

rH 

f—1 

CM 

rH 

CM 

CM 

CM 

rH 

CM 

CM 

i—1 

CM 

CM 

H 

U) 

Q 

z 


GO 

IN 

O 

CO 

• 


CO 

O 

IN 



UJ 

CO 

CD 

• 

• 

CM 

to 

CM 

to 

CO 

H 4 

O 

00 

O 

UJ 

to 

CD 

to 

i —< 

< 

u 

t 

o 

i 

CO 

CO 

to 

• 

• 

00 

00 

00 


• 

CD 

CO 

O 



O 

CD 

CD 

O 

CM 

to 

to 

i —1 

no 

0- 

CM 

CM 

to 

CD 

h- 

H 

n 

rH 

rH 

i—l 

• 

• 

rH 

!-1 

rH 


• 

rH 

f—1 

CM 



CM 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

i—1 

CM 

CM 

CM 

CM 

CL 

U 

O 

UJ 

n 


H 4 

rH 


• 

H 4 

CO 

CD 


• 

UJ 

CM 




UJ 

CM 

UJ 

O 

O 

H 4 

CM 

UJ 

00 

O 

to 

H 4 

00 

CD 

IxJ 


cr 


~ 

lO 

CO 

H 4 



00 

00 

O 



iH 

00 

O 



CD 

O 

CM 

CM 

H 4 

H 4 

H 4 

CM 

CM 

CO 

CM 

H 4 

f—1 

O 

O 

D 


1 

co 

rH 

r—1 

H 



rH 

I—1 

CM 



CM 

rH 

CM 



f—1 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

to 

rH 

CM 

CM 

CM 

CM 

X 

Z 

Q 































u 



co 

o 

CO 

CO 



LO 

LO 

CM 




CO 

CO 



CM 

CM 

CO 

H 4 

CD 

rH 

CD 

O 

H 4 

H 4 

O 

CM 


CD 


(0 




CO 

CO 

H 4 



CO 

00 

CM 



CD 

IN 

00 



CD 

to 

to 

rH 

H 4 

CM 

CM 

UJ 

00 

to 

CM 

H 4 

00 

CD 


< 

rH 


U) 

rH 

rH 

H 



rH 

1—1 

CM 



rH 

i—1 

rH 



rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

w 

cr 



U) 

LO 

to 

to 



n 

00 

CM 



O 

O 

to 



UJ 

** 

00 

H 4 

H 4 

IN 


H 4 

IN 

UJ 

to 

CO 

CM 

IN 

> 

D 

CM 



IN 

CO 

CO 



to 

CD 

rH 



CM 

CO 

CO 



rH 

to 

CM 

rH 

CD 

CD 

O 

CO 

00 

rH 

rH 

rH 

00 

O 

(—1 

O 

T 



* 

rH 

H 

H 



CM 

rH 

CM 



CM 

i—1 

i—1 



CM 

CM 

CM 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

H 

CM 

SI 


U) 


— 


CM 

LO 



CM 





CO 

o 

IN 





IN 

'M 4 

to 

UJ 

O 

O 

O 

LO 

O 

CO 

CD 

UJ 

cd 

U 



N 

IN 

CO 



o 

00 

CD 



O 

CO 

UJ 



CD 

tYJ 

!-1 

00 

IN 

IN 

CD 

CD 

to 

CO 

no 

CD 

CO 

00 

L- - 

z 

r 

ro 

rH 

H 

1—1 



CM 

rH 

i—1 



i—1 

rH 

rH 



i—1 

CM 

CM 

rH 

rH 

rH 

rH 

i —1 

CM 

rH 

rH 

i—1 

H 

H 


n 
































CO 


z 

ro 

O 

LO 

CO 



O 

LO 

00 



o 

CD 

CO 





UJ 

to 

IN 

UJ 


O 

H 4 

o 

CM 

CM 

UJ 

H 

u. 




IN 

LO 



00 

LO 

CO 




to 

to 



00 

CD 

00 

UJ 

CM 


00 

CO 

CO 

IN 

UJ 

UJ 

O 

IN 

UJ 

D 

O 

I 

h- 

i 

CM 

rH 

i—1 

f—1 



rH 

rH 

rH 



rH 

1—1 

rH 



rH 

tH 

rH 

rH 

I—1 

rH 

rH 

CM 

CM 

rH 

rH 

r—1 

CM 

r—1 

_J 

<( 

co 

O 

o 

CM 

co 

00 

o 



CM 

CM 

IN 



to 

O' 

CO 



O 

O 

rH 

CM 

O 

O 

O 

CO 

CM 

CO 

O 

00 

O 

o 

> 

z 


rH 

to 

to 



LO 

rH 

CM 



CM 

CM 

to 



CO 

CO 


CO 

H 4 

CM 

UJ 

H 4 

CM 

(D 

to 

CD 

00 



O 

UJ 

1 

rH 

1—1 

1—1 



i —\ 

rH 

i—1 



rH 

rH 

i—1 



I—1 

rH 

i—1 


rH 

r—1 

rH 

CO 

CM 


rH 

f—1 

1—1 

r—< 

| 

(X 


_ 






























CO 

UJ 


_ 



00 



o 

CO 

O 



00 

to 

rH 



CM 

CO 

CM 

UJ 

CD 

o 

UJ 

o 

CM 

IN 

CM 

o 

CM 

CM 

h- 

CL 



— 

o 

00 

o 



o 

CD 

00 



CD 

CM 

to 




CM 

to 

rH 

to 

H 4 

UJ 

no 

CO 

CM 

CM 

CD 

N 

to 

_J 


CO 


1 

(—1 


1—< 



rH 






i—1 

1—1 



i—1 

i—1 

i —\ 

rH 

rH 

rH 

rH 

CM 

i—< 

rH 

rH 


CM 

H 

o 

u 

> 

1—1 


O 



























_ 



> 



o 

o 

o 

CO 



O 

H 1 

00 



CM 

CO 

o 



00 

UJ 

IN 


no 

O 

r- 

UJ 

O 

cO 

CO 


O 

■X) 

i 

CO 

CO 

1—1 



m 

00 

00 




00 

IN 



rH 

to 

to 



to 

1—1 

i —i 

to 

CD 

CM 

to 

LO 


CO 

to 

^t 4 

i —1 

1 - \ 


UJ 


1 

0) 








i—1 

1—1 

1—1 



rH 

1—1 

rH 

1—1 


f—1 

i—i 

rH 

i—1 

rH 

f—i 

i—i 

rH 

t -( 


u 

(J 

z 

CD 

H 4 

CO 

CM 



to 

O 

00 



O 

CM 

UJ 

• 


o 

UJ 

CM 


CO 

CM 

o 

o 

O 

CD 

CO 

CM 

CD 

u: 



_l 

CD 

f—1 

00 



rH 

rr> 

00 




to 

to 

• 


to 

to 

to 

H 4 

to 

CO 

LO 

o 

UJ 

IN 

to 

UJ 

CO 

CM 

Ll_ 



1 

GO 


H 



rH 





rH 

i—1 

H 

• 


rH 

f—1 

H 

rH 

rH 

i—l 

rH 

rH 

rH 

rH 

i—1 

rH 


H 

O 

D 

CO 






























CO 



GO 

CM 

CO 

o 



H 1 

CO 




00 

!-1 

CO 



CM 

00 

to 

o 

H 4 

00 

CD 

IN 


(D 

H 4 

UJ 

O 

O 4 

CL 

o 


oo 

CM 

o 



t —i 

rH 

CM 



LO 

CO 




UJ 

UJ 

CO 

00 

UJ 

CO 

00 

co 

rH 

CM 

UJ 

0' 

H 4 

UJ 

_L 

h- 

O 

u. 

oc 


1 

n 


rH 

rH 



rH 

i—1 

i—1 



1—1 

1—1 

H 



1—i 

1 —1 

rH 

1—1 

i—l 

i—1 

rH 

rH 

CM 

CM 

rH 

rH 

H 

rH 

z 































O 

IN 

UJ 

h- 





o 

LO 

to 



o 

t> 

o 



IN 

to 

to 




UJ 


UJ 

O 


H 4 

CM 

CO 

to 

CO 

CO 

<n 

UJ 

U> 

to 


I s - 

!-< 

CO 

CM 



co 

Li J 

CO 



(N 

CO 

CO 



(N 

c^ 

IN 

CD 

00 

(D 

00 

CD 

LO 

UJ 

IN 

CD 

00 

IN 


i 

CO 

l -4 

i—1 

i—i 



1 —1 

i —t 

rH 



i—1 

rH 

i—1 



i—l 

f—1 

i—1 

rH 

f—1 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

r—t 

z 

O 


































< 



CO 

00 

ro 

IN 



o 

CO 

M" 



CM 

CO 

CM 



00 

o 

CD 

rH 

H 4 

CO 

i—1 

O 

CO 

CM 


CM 

i—< 

CD 

Q 

Ld 

CL 



rH 

cO 

CM 



cO 

Lt J 

CO 



CO 

co 

CO 



UJ 

IN 

IN 

00 

CO 

no 

00 

00 

OJ 

UJ 

IN 

N 

co 

N 

Ld 

> 

< 

r- 

Z 

1 

U) 

rH 

i—l 

H 



rH 

rH 

i—l 



rH 

rH 

i—1 



H 

rH 

rH 

1—1 

i —i 

i—i 

rH 

rH 

CM 

CM 

i—1 

i—l 

1 —) 

f—1 

CO 

cO 

UJ 

"7 

u> 

C J 

CD 

(—t 



CM 

CO 

H 1 

• 


o 

rH 

O 



LO 

CM 

00 

o 

CM 

CD 


IN 

CM 

UJ 

CM 

CO 

CO 

(D 

u 

cr 


o 

0. 


CM 

0 4 

tO 



LO 

LO 

CO 

• 


co 

CO 

CO 



CO 

IN 

IN 

no 

CO 

CD 

IN 

N 


CM 

(N 

N 

st 4 

r O 

UJ 

cr 


1 

i—l 

H 

rH 



rH 

i —1 

i—i 

• 


rH 

rH 

H 



i—1 

r—l 

i—1 

1—1 

i—l 

rH 

r —< 

f—1 

CM 

CM 

i—1 

i—< 

i—l 

f — 1 

CL 

X 

< 

o 

u 



i- 

co 

O 

'*0 

t 


CO 

CO 

C'VJ 



M 

no 

rH 




to 

T* 

tN 

^t 4 

CD 

CO 

o 

IN 

no 

to 

H 4 

<$• 

f 

UJ 




H 

O 

UJ 

• 



\jj 

CO 



CO 

UJ 

CO 



CO 

00 

no 

IN 

'UJ 

no 

IN 

00 

CM 

CM 

(N 

N 

f.O 

N 


cO 


1 

ro 

i—c 

rH 

rH 

• 


f—t 

1 —1 

1 —1 



rH 

i—i 

i—1 



rH 

rH 

rH 

i —1 

r —\ 

1 —\ 

i— l 

f — 1 

CM 

CM 

r — 1 

rH 

i —4 

r—< 


u 
























_ 








D 


ro 

f- 

ro 

;M 

1 {j 



no 

CO 

CO 



CJ 

CM 

o 



CM 


IN 

i — 1 

(D 

LO 

i —i 

o 

O 

CM 

CD 

i — 1 

CO 

IN 




CM 


to 



UJ 

"sj* 

Li J 



r O 

CO 

IN 



IN 

IN 

00 

00 

IN 

00 

00 

CD 

H 4 

to 

N 

IN 

CO 


< 

> 


1 

CVJ 

r— i 

• —H 

H 



i — 1 

rH 

i — 1 



1 — 1 

r — 1 

rH 



H 

i — 1 

f — 1 

1 — 1 

i — 1 

1 — 1 

1 —< 

rH 

CM 

CM 

i— l 

r—t 

i—l 

i—i 


cr 


CM 

r^ 

C D 

o 



tT 

CD 

CO 



<X) 

CM 

to 



O 

o 

to 

IN 

rH 


to 

o 

CD 

(N 

CM 

rH 

CO 

o 


<< 


CM 

i —< 

CM 



iO 

to 

LO 




CO 

•O 



(JO 

CO 

CD 

(X) 

aj 

00 

00 

CD 

r —{ 

to 

N- 

IN 

IN 

CO 

vr 

_J 


1 

H 

i —< 

H 



i — 1 

rH 

1 — 1 



H 

rH 

rH 



rH 

rH 

rH 

1—1 

f—1 

1—1 

rH 

rH 

CM 

CM 

rH 

i—1 

i—1 

rH 

H 

D 

CD 



O 

O 

Tf 



<■ o 


to 



H" 

rH 

to 



IN 

o 

CO 

no 

to 

(M 


IN 

IN 

CD 

O 

CD 

to 

to 

IN 


< 


— 

to 

H 4 

ro 



u j 

to 

o 



CO 

CO 

CO 



CO 

no 

CD 

(X) 

no 

IN 

(D 

(D 

IN 

UJ 

(JO 

00 

00 

>< 

h- 


1 

o 

rH 

rH 

H 



i —t 

i —i 

1 —\ 



f —* 

rH 

rH 



r — 1 

rH 

i — 1 

i —i 

rH 

1 — 1 

i — 1 

i — 1 

rH 

CM 

rH 

f — 1 

1 —t 



u 




— 



























CO 


I 































z 


h- 


>: 

r — t 

CM 

to 


lO 

CO 

N 

CX) 

CD 

O 

rH 

CM 

to 


UJ 

CO 

IN 

00 

CD 

o 

rH 

CM 

to 

H 4 

UJ 

CO 

IN 

(D 

< 

,.rl 

''W'' 


< 





r—1 

fH 

1 — 1 

H 

f — 1 

f —i 

f — 1 

i — 1 

rH 

i — 1 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

u 




Q 




























5 


279 


















EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


CM 



1 

: : 8 f 5 

rH 

• 

• 

• 

• 

5 ? 

3 S 

CO 

UJ 

to 

to 

O 

<0 

s 

2 

rH 

CO 

S £3 

CO 

b 

■ 

B 

B 

| 

b 





B 

B 

CO 

co 




UJ 

• • rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


H 


H 

rH 







rH 

o> 

rH 

Ul 


2 



















H 

■ 

U 

■ 






■ 

■ 


sc 

2 

b 


u 

• • CX) 

O 

CO 

• 

• 

O 

CM 

b 

CM 

O 

<0 

CO 

rH 

00 to 

CO 

to 


• 

• 

• 

• 

CM 

UJ 

rH 

00 

* 

• 

• 

b 

o 


• • to 

to 


• 

• 

CO 

rH 

CM 

b 

CD 

UJ 

CO 

CO 

UJ b 

00 

CD 

CD 

• 

• 

• 

• 

00 

2 

CD 

0 

00 

• 

• 

CO 

cc 

z 



• • rH 

rH 

rH 

• 

t 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

• 

rH 

CM 

rH 

CM 

rH 

• 

• 

rH 

2 

< 

UJ 

2 


n 

• • 0) 

CM 

CD 

• 

• 

CO 

CD 

rH 


O 

CO 

00 


O ^ 

CD 

UJ 

00 

• 

• 

• 

• 

00 

b 

O 

rH 

CO 

• 

• 

CM 



• • CO 

CO 

CO 

• 

• 

00 

UJ 

00 

b 

00 

UJ 

LO 

CO 

CO 

b 

b 

b 

CD 

• 

• 

§ 

• 

b 

CD 

CD 

rH 

00 

• 

• 

b 



m 

• *1—1 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

• 

rH 

rH 

rH 

CM 

rH 

• 

• 

rH 


z 

< 


-22 

• • H* 

rH 


• 

• 

00 

rH 

rH 

CM 

00 

O 

b 

CO 


UJ 

CM 

CD 

b 

• 

• 

• 

• 

rH 

CM 

CO 

CO 

CD 

• 

« 

CM 




• • 

CO 


• 

• 

CD 

CO 

b 

b 

UJ 

b 

UJ 

CO 

b 

b 

00 

UJ 

CD 


• 

• 

• 

00 

0 

00 

O 

00 

• 

• 

b 


9 


CM 

• • rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

• 

rH 

CM 

rH 

CM 

rH 

• 

• 

rH 


cr 


B 
































UJ 


Ej 

• • LO 


b 

• 

• 

O 

CM 

b 

00 


CM 

UJ 

CO 

b 


b 


rH 

• 

• 

• 

• 

CM 

CO 

CO 

O 

CD 

• 

t 

b 


5 


n 

• • CO 

CO 

rH 

• 

• 

CO 

UJ 

CO 

CO 

CD 

LO 

UJ 

CO 

UJ 

b 

b 

00 

CD 

• 

• 

• 

• 

00 

00 

00 

00 

00 

• 

• 

CO 




El 

• • rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

• 

rH 

rH 

1 —1 

rH 

rH 

• 

• 

rH 





El 































CJ 

u 

b 

CO 



O 

CM 

1 

• • H« 

rH 

CO 

• 

• 

O 

00 

CD 

CM 

b 

00 

CO 

b 

CO 

CO 

CO 

CM 

rH 

• 

• 

• 

• 


CO 

co 

rH 

CD 

• 

• 

CM 

h* 

2; 


• • CO 


CO 

• 

• 

CM 

UJ 

CO 

CO 

CD 

CD 

b 

CO 

CO 

CO 

00 

rH 

00 

• 

• 

• 

• 

00 

CD 

00 

00 

00 

• 

• 

b 

< 

UJ 



0) 

• • rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

• 

• 

• 

• 

rH 

rH 

rH 

1—1 

rH 

• 

• 

rH 

o 

£ 

w 

































D 


0) 



CO 






















UJ 

CO 





D 


cr: 



• • CM 

O 


+ 

CO 

CO 


rH 



CM 

rH 

LO 

O 

rH 

b 

CO 

• 

• 

• 

• 

00 


CO 

• 

• 


z 

0 

lO 

b 

b 


1 

• • LO 

UJ 

1—1 

• 

• 

UJ 

CO 

CO 

CO 

b 

UJ 

b 

b 

CO 

CO 

O 


00 

• 

• 

• 

• 

00 

00 

CD 

CD 

CD 

• 

• 

b 




GO 

• • rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

• 

• 

• 

• 

rH 

\ 'rH 

rH 

rH 

rH 

• 

« 

1—( 

AS 

Q 

z 


00 

• • rH 

CO 

CO 

• 

• 

O 

UJ 


CO 

rH 

CO 

CM 

O 

rH 

CO 

CM 

CO 


• 

• 

• 

• 

CO 

b 

rH 

UJ 

O 

• 

• 

O 

u 


1 

• • LO 

CO 

0 

• 

• 

00 

CO 

b 

b 

00 

b 

b 

00 

b 

b 

CD 

O 

00 

• 

• 

• 

• 

CD 

O 

rH 

CD 

rH 

• 

• 

00 

h- 

b 

if 

b 

b 

• • rH 

rH 

rH 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

CM 

rH 

• 

• 

• 

• 

rH 

CM 

CM 

rH 

CM 

• 

• 

rH 

CL 

Id 

U 

0 

u 

UJ 

H 

• • CM 

00 

O 

• 

• 

CO 

rH 

CO 

CM 

CM 

CO 


CO 

b 

CM 

OO 

CM 


• 

• 

• 

• 

O 


CO 


UJ 


• 

CO 


cr 

B 

• • 

UJ 

00 

• 

• 

CD 

b 

CO 

00 

00 

rH 

b 

00 

b 

CD 

CD 

O 

CD 

• 

• 

• 

• 

rH 

CM 

CM 

O 

CM 

• 

• 

00 

Cj 


B 

• • rH 

rH 

rH 

• 

• 


rH 

rH 


rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

• 

• 

• 

• 

CM 

CM 

CM 

CM 

CM 

• 


rH 

X 

z 

D 





























u 



cO 

• • 

O 

00 

• 

• 

UJ 

CO 

CO 

CO 

CM 


UJ 


O 

CM 

O 

O 

CM 

• 

• 

• 

• 

00 

O 

UJ 

UJ 

CM 

• 


UJ 


CO 



1 

• • CM 

00 

rH 

• 

• 

LO 


CO 

b 

CD 

CD 

b 

00 

O 

rH 

CM 

O 

CM 

• 

• 

• 

• 

rH 

UJ 

UJ 

O 

UJ 



CD 


< 




• • rH 

1—1 

CM 

• 

• 

rH 

rH 

rH 

rH 

1—J 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

• 

• 

• 

• 

CM 

CM 

CM 

CM 

CM 



rH 



lO 

CX) 

• 

































w 

cr 



• • O 

CO 

UJ 

• 

• 


00 

LO 

UJ 

CM 

O 

b 

UJ 


b 

CO 

O 

O 

• 

• 

• 

• 

b 

ou 

UJ 

CO 

CM 


• 

UJ 

> 

D 

CM 



• • lO 

CO 

CM 

• 

• 

00 

b 

CM 

CO 

CD 

CD 

UJ 

b 

CM 

rH 

rH 

CO 

UJ 

• 

• 

• 

• 

rH 

O 

rH 

CD 

rH 

• 

• 

CD 

hH 

O 




• • rH 

rH 

CM 

• 

• 

rH 

1—1 

rH 

rH 

rH 

1—J 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

• 

• 

• 

• 

CM 

CM 

CM 

rH 

CM 

• 

• 

rH 

E-< 

T 


































3 

u 

CO 


B 

• • O 

00 

CO 

• 

• 

CO 

rH 

CO 

00 

UJ 

b 


O 

b 

UJ 

0 

00 

CD 

• 

• 

• 

• 

b 


UJ 

UJ 


• 

• 

UJ 

w 

~~ 


• • O 

b 

CM 

• 

• 

00 

UJ 



00 

CD 

CO 

CD 

00 

CD 


b 

CD 

• 

• 

• 

• 

O 

00 

00 

00 

CD 

• 

• 

00 


z 

X 


• • rH 

rH 

CM 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

1—1 

• 

• 

• 

• 

CM 

rH 

rH 

1 —1 

rH 

• 

• 

t—1 


0 


iy 































tO 


z 

ro 

• • LO 

CM 

O 

• 

• 


LO 

O 

O 

O 

CO 

O 

O 

CM 

CO 

O 


O 

• 

• 


• 

O 

O 



UJ 


• 

Cu 

UJ 

D 

0 


1 

• • O 

UJ 


• 

• 

b 

UJ 

O 


CO 

CM 

CO 

CO 

OO 

00 

CM 

CO 

00 

• 

• 

• 

• 

b 

CO 

CO 

b 

UJ 


• 

b 

X 

E 9 

. • CM 

rH 

CM 

• 

• 

1—1 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

1—l 

1—1 

CM 

CM 

1—1 

• 

• 

• 

• 

rH 

rH 

1 —1 

rH 

rH 



1—1 

-J 

CO 

0 

”7 


(M 

























CM 





UJ 

< 

0 


• • O 

CM 

UJ 

• 

• 

LO 

O 

O 

O 


O 

O 

O 

00 


LO 

O 

UJ 

• 

• 

• 

• 

co 

O 

CM 

b 


• 

> 

0 


1 

• • UJ 

CM 

O 

• 

• 

00 

CM 

CM 

UJ 

UJ 

CM 

CO 

UJ 

CM 


00 

CO 

UJ 


• 

• 

• 

UJ 

rH 


UJ 



• 

UJ 

1 

ul 


• • rH 

rH 

rH 

• 

• 


rH 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

1—1 

• 

• 

• 

• 

rH 

rH 

rH 

rH 

rH 

• 

• 

t—< 


cr 

LJ 

-J 

__ 































CO 



• • CM 

CO 

O 

• 

• 

CM 

LO 

CO 

00 


O 

O 

UJ 

b 


UJ 

O 

UJ 

• 

• 

• 

• 

CO 

O 

UJ 

CO 

O 

• 


CM 

b 

Q_ 




• • CM 

cd 

CD 

• 


O 

CD 

CD 

CM 

CM 

rH 

CO 

CM 

1—1 

CM 

UJ 

UJ 

CM 

• 

• 

• 

• 

CM 

UJ 


UJ 


• 


c: 



z: 



• • t—1 




• 

1—1 


rH 

rH 

rH 

r —\ 

rH 

rH 

rH 

rH 

rH 

1—1 

• 

• 

• 

• 

rH 

rH 

rH 

rH 

rH 



rH 

O 

UJ 

> 

1—1 































-- 


> 

1 

CO 


O 

• • UJ 

co 

O 


• 

00 

00 

0 

b 

O 

CO 

00 

00 


CM 

O 

O 

CO 

• 

• 

• 

• 

UJ 

O 

UJ 

O 

LJ 



lM 

_J 

CO 

»-H 


1 

• • 00 

00 

b 

• 

• 

CD 

CD 

CM 

CM 

CM 

rH 

b 

CM 

i—1 

rH 

rH 

UJ 

0 

• 

• 

• 

• 

UJ 

00 



CO 



CM 

—I 

CO 

U) 


0) 

• • 



• 

• 



1—1 

rH 

rH 

rH 

r —{ 

rH 

rH 

rH 

rH 

1—1 

rH 

• 

• 

• 

• 

rH 

rH 

rH 

rH 

rH 



1 —l 


u 

z 


1 -- 






























0 


O) 

1 

• • CM 

0 

UJ 

• 

• 

O 

00 

CO 

O 

b 

CO 

O 

UJ 

CO 

CO 

00 

O 

b 

• 

• 

• 

• 

CM 

O 

UJ 

CM 

CD 

• 


CO 


0 


• • rH 

CD 

00 

• 

• 

CD 

CM 

CJ 


CM 


rH 

UJ 

CM 

CM 

O 


rH 

• 

• 

• 

• 

CO 

UJ 

UJ 

CO 


• 

• 

CM 

U_ 

O 

D 

CO 


00 

• • rH 



• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

1—1 

rH 

rH 

rH 


• 

• 

• 

1—1 

i—1 

rH 

rH 

rH 

• 

# 

rH 

to 

n 


1 

• • CO 

O 

CM 

• 

• 

O 

CO 

O 

00 


UJ 

00 

CM 

CD 

O 

UJ 

UJ 

b 

• 

• 

• 

• 

CM 


O 


CO 

• 

• 

CO 

I 

cr 

cc: 


• • CO 

CM 

O 

• 

• 

CO 

CO 

CM 

UJ 


b 

CO 

UJ 

CM 

UJ 


UJ 


• 

• 

• 

• 

CO 

UJ 

b 

00 

CO 

• 

• 


b 

O 

Lu 

< 



• • rH 

rH 

i—1 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

t—1 

rH 

rH 

• 

• 

• 

• 

rH 

f—1 

rH 

r—1 

rH 

• 

• 

rH 

z 

rri 




























O 




co 

CO 

bJ 


Eh 


1 

• • CO 


LO 


• 


CM 

LO 

Sf 


b 

b 

UJ 

O 


CM 

CO 

UJ 

• 

# 

• 

• 

CD 

CM 

UJ 

UJ 

• 

• 


'/) 

a: 


B 

• • CO 


CO 

• 

• 


CO 

CO 

LO 

UJ 

LO 

00 

UJ 

b 

b 

00 

b 

b 


• 

• 

• 

00 

CM 

b 

00 

b 


• 


UJ 

0 


H 

• • rH 

rH 

1—1 

• 

• 

rH 

rH 

rH 

1 —i 

1 — 1 

1 — 1 

rH 

1 — 1 . 

1 — 1 

rH 

rH 

rH 

rH 


• 

• 

• 

rH 

CM 

rH 

rH 

i — 1 

* 


1—t 

z 

O 


































— 

< 



£3 

* • O 

rH 

CM 

• 

• 

CO 

CO 

CO 

00 



CM 

rH 

1 — 1 

UJ 

CO 



• 

• 

• 

• 

b 

CM 

00 

CD 

b 


• 

CD 


cr 

1— 

• • CO 


CM 

• 


CO 

CO 



UJ 

UJ 

b 

CO 

CO 

b 

CO 

00 

b 

• 

• 

• 

• 

b 

b 

b 

b 

b 


• 

LO 

UJ 

UJ 

> 

< 

z 

B 

• • rH 

rH 

rH 

• 

• 

rH 

rH 

r — i 

rH 

1 — 1 

rH 

rH 

rH 

1 — 1 

1 — 1 

rH 

rH 

rH 

• 

• 

• 

• 

rH 

rH 

1 —\ 

rH 

r — 1 

• 

• 


(0 

(0 

UJ 

z 

i 

• • O 

CO 

O 

• 

• 

CJ 

b 

CJ 

CO 

rH 

O 

rH 

UJ 

00 

rH 

b 

CO 

CO 

• 

• 

• 

• 


UJ 

b 

O 

CM 

• 

• 


UJ 

Ul 

cr 

0 

• • CO 

CO 

CO 

• 

• 


UJ 



UJ 

UJ 

b 

CO 

UJ 

b 

UJ 

CO 

CO 

• 

• 

• 

• 

00 

00 

b 

00 

CD 

• 

• 


cr 

CL 

X 

CL 

B 

• • rH 

rH 

rH 

• 

• 

1 — 1 

rH 

f — 1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

f — 1 

1 — 1 

rH 

• 

• 


• 

1 — 1 

rH 

rH 

rH 

rH 

• 



< 

O 

B 

• • CO 

CO 

rH 

• 

• 

rH 


CO 


CO 

O 

CO 




0 


CO 

• 

• 

• 

• 

b 

O 

CD 

rH 

UJ 

• 



Ul 

CO 

UJ 

(j 


• • 

CO 


• 

• 



CO 


co 

CO 

CO 

UJ 

CO 

CO 

co 

CO 

UJ 

• 

• 

• 

• 

b 

b 

b 

00 

00 

• 





B 

• • rH 

rH 

rH 


• 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

1—1 

rH 

rH 

rH 

rH 

1—1 

• 

• 

• 

• 

rH 

rH 

i—1 

rH 

rH 

• 




D 
_1 


B 

• • 00 

(D 

CD 


• 

CM 

<vT 

b 


CO 

UJ 

UJ 


CO 

rH 

CD 

CM 


• 

• 

• 

• 

O 


CD 

rH 

UJ 

• 




if 


• • O 1 

CM 



• 

"b 


CO 

UJ 

b 

UJ 

CO 

UJ 

UJ 

b 

CO 

b 

CO 

• 

• 

• 

• 

00 

r O 

b 

00 

b 




<1 

> 


B 

• rH 

1 —i 

t—1 

• 

• 

rH 

rH 

1—1 

1 —i 

rH 

rH 

rH 

1—< 

1—1 

rH 

rH 

rH 

rH 

• 

• 

• 


i—1 

rH 

rH 

rH 

rH 

• 




cr 


£ 

• • CO 

UJ 

O 

• 


00 


CM 

0 



CM 


CO 

UJ 

O 

b 


• 

• 

• 

• 

b 

O 

rH 

CD 


• 




< 


• • UJ 

CO 

UJ 

• 


CM 

'si 1 


b 

b 

UJ 

CO 

CO 

CO 

CO 

b 

b 

b 

• 

• 

• 

• 

b 

CO 

00 

b 

00 

• 



-j 


B 

• • rH 

1 —( 

1 —1 

• 

• 

1—J 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

rH 

1—1 

rH 

rH 

• 

• 

• 

• 

rH 

1 —\ 

rH 

1—1 

f—1 




CM 

D 

CD 



• • O 

CO 

00 

• 

• 

b 

CM 

CO 

rH 


O 

rH 

CO 


UJ 


CM 

O 

• 

• 

• 

• 

b 

00 



CO 



CM 

CO 
t _| 

\r 

< 


1 

• • ^ 

CO 

CM 

• 

• 


CM 

CO 

UJ 

b 

CO 

b 

CO 

CO 

CO 

CO 

00 

CO 

• 

• 

• 

• 

b 

b 

GO 

00 

CD 



<d 

r-i 

b 


0 

• • 1—J 

rH 

rH 

• 

• 

t—1 

rH 

1—J 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

• 

rH 

rH 

1—1 

1—1 

rH 





u 







■" 

























c n 


X 
































z 

CJ 

cr: 

2 

b 


DAY 

rH CM CO 


UJ 

<0 

b 

00 

CD 

10 

11 

12 

13 

14 

15 

16 

17 

00 

1—J 

19 

20 

21 

22 

23 

24 

UJ 

CM 

26 

b 

CM 

00 

CM 

29 

30 

31 

< 

id 

5 


280 










































EARTH _ CURRENT POTENTIALS at huancayo magnetic observatory 


Ui 

5 


z 

< 

ui 

2 

z 

< 

D 

cr 

UJ 

2 


(/) 

u 

$ 


to 

D 

LJ 

H 

< 

O 

D 

Z 

CO 

< 

cr 

3 

O 

I 

u 

z 

o 

U. 

O 

<0 

D 

O 

cr 

UJ 

Ql 


C* 0* rH 

^ op oi 


3 


W H f- 01 <0 00 CO 

ao oo r* Pi oo °5 5 °9 

H H H rH rH rH rH rH 


olgr-M 

01 a 00 O) 01 

r4 rH rH 


• 4*0 

00 


C- 0 > o 

1 5 5 3 


to 

00 


o J ^ co 
oi r* o> 


o ^ co 
<o o m 

rl (M H 


r-4 co m 

00 H 00 00 
O) H H H 


lO CO CO ^ o 
Ol OI.OI Ol CM 
r-4 rH HOJ 03 


CO 

oj 


<0 10 0- CO 
o oo o 00 
03 r-4 03 r-4 


03 

o> 


Q 

UJ 

h- 

< 

O 

D 

Z 

CO 

< 

h* 

OL 

UJ 

O 

X 

u 


o ^ CO 

00 00 0> 


CO 03 o 
OJ 00 o 
rl rl 03 


O CO CO 
00 OQ CO 
r-4 r-4 r-4 


rH O e'¬ 
en OJ 03 
r-t r-4 03 


CO ^ CO 
to O rl 
03 03 03 


COCO^OC^ 

00 r-l 00 00 00 
r-4 03 r-4 r-4 r-4 


CO r-4 ^ 03 CO 

cn O 00 O 03 

r-4 03 r4 03 03 


O) 


O CO 03 00 
OJ 00 r-4 OO 
r-4 r-4 03 r-4 


O OJ 00 
lO OJ o 
03 r-4 03 


03 CO O O O 

00 00 r-4 00 OJ 

r-4 r-4 03 r-4 r-4 


l 0 CO OJ oo CO 

r-4 00 00 CO 03 

CN3 r-4 rl r-4 03 


CO 

OJ 


^ U) O Ol 
o oo oj oj 

03 r-4 r-4 r-4 


03 CO CO 
OJ 00 O 
r-4 r-4 03 


OJ O rH 03 oo 

O CO O O* OJ 

rl Ol 03 r-4 rl 


CO O CO CO lO 

OJ OJ 00 O r-4 

—I r-4 r-4 Ol 03 


00 

OJ 


O 03 CO 03 
00 00 00 OJ 


^ U) CO 
to CO o 
r-4 03 03 


03 00 CO CO CO 

00 03 OJ O O 

r-4 o3 r-4 03 03 


CO CO CO CO ^ 

o cn oj ^ o 

03 r-4 r-4 03 03 


r^ 

OJ 


00 r-4 T* 03 

cn oo oj oj 


oo 

OJ 


T> 


OJ 


O 

O 

03 


UJ 

3 

X 

H 


Z 

o 

H 

O 

UJ 

cr 


03 

(0 

2 

x 


Cx) 


OJ co 03 

2 0 o 

03 03 


O 00 O 
cn r-4 o 
r-4 03 03 


^ OJ OJ LO CO 

oo oj oj cn o 

r-4 r-4 rH rH 03 


^ lO 
O OJ 
03 rH 


O 00 O 

rH CO rH 

03 03 03 


O 

OJ 


CO O rH o 

oo oj o o 

rH rH 03 03 


03 

O 

03 


m co ol 

OJ rH lO 
rH 03 rH 


co O 03 

rH rH r-4 

03 03 03 


lo 

CO 

O 

O 


00 


rH 


o 

4 

4 

• 

• 03 

OJ 

o 

H 

03 

a 

o 

o 

O 

CO 

H 

4 

4 

• 

• O 

H 

03 

03 

03 

03 

03 

03 

03 

03 

03 

4 

• 

• 

• 03 


^ CO CO ^ 

O O O rH 
03 03 03 03 


O ^ 
00 rH lO 
rH 03 03 


C s- ^ CO 
CO O OJ 
03 03 H 


O 03 03 CO rH 

O O LO O rH 

03 03 03 03 03 


00 00 O 03 CO 

O rH O 03 rH 

03 03 03 03 03 


03 


CO ^ 00 ^ 
03 03 O 03 
03 03 03 03 


CO 

UJ 

D 

_J 

< 

> 


C0 

h 


CO oo o 
co CO o 
rH 03 03 


03 O O 
cn rH o 
H 03 Ol 


o ^ ^ 

03 03 00 
03 03 03 


co o in 

CO rH 00 
03 03 03 


^ O 03 

cn oo cn 


o ^ o co m 

cn r-4 ol cn o 

rH 03 03 rH 03 


in O 03 O CO 

03 CO 03 03 CO 

03 03 03 03 03 


cn 

rH 

03 


03 rH ^ <4* 
03 CO O 03 
03 03 03 03 


CO O O 
r-4 rH L0 
03 03 rH 


CO CO Ol ^ ^ 

cn rH rH oo cn 

rH 03 03 rH rH 


CO O O ^ 00 

CO co 03 O CO 

03 03 03 03 03 


O 

03 

03 


O oo ^ ^ 
OO O OJ o 
rH 03 rH 03 


rH 00 CO 
CO 00 O 
03 rH rH 


CO L0 o CO o 

00 O CO 00 O 

rH 03 03 rH 03 


LO O CO ^ 
H 03 ^ 00 
03 03 03 rH 


03 


O 

rH 

03 


O tO O 03 

cn oo cn cn 


o LO oo 
oi cn co 

03 rH 03 


00 O O 00 03 

co o to oo cn 


O CO O LO 

rH o 03 O O 

03 03 03 03 03 


lO 

CO 


o CO t> 
O CO t> tO 


O uj 
> > 


_J 

—I 


i n 
i 
h* 

z 

UJ 

I- 


Q 

LJ 

10 

c0 

LJ 

cr 

Q_ 

X 

UJ 


(0 

co 

UJ 

o 

O 

D 

(0 

cr 

o 

u_ 

(0 

UI 

o 

< 

cr 

u 

> 

< 

UJ 

cr 

< 

c0 

UJ 

D 

J 

< 

> 

cr 

< 

D 

CD 

< 

h- 

U 

I 


O 03 O 

o m ^ 

03 rH rH 


Ol o ^ 
O oj oo 


0^0 

2 2 3 


^ (M ^ 

LO rH CO 


0^0 

o to in 


o lO l0 
o oo t> 

03 rH rH 


O CO O 
03 ^ CO 


m h in ^ o 
to to ^ O to 


Ol CO O O C0 

to to cn o ^ 


03 

LO 


Ol CO CO 

h m ^ ^ 


CO O* LO 

co 03 ca 


lO ro 03 CO 03 
o ^ LO CO ^ 


CO 00 00 03 03 

CO 03 CO CO 03 

H H H H r-4 


O 

03 


^ O O 03 
CO CO 03 co 


o ^ o 

03 CO ’sT 


03 O ^ 
CO ^ ^ ^ 


03 

CO 


03 O 03 
H 03 H 


03 


o to CO o 
O 03 Ol to 


O CO 00 
03 ^ 03 


CO O O O 
LO CO O CM CO 


co ^ m co co 
m co <-4 co cm 


oo 


^(0^0 
■vf CO ^ 03 


03 CO 
CO O ^ 


o 00 O (M CO 

[> to 00 O L 0 


CO O CO CO CO 

CO CO lO O CO 

H H H 03 -H 


O 

CO 


03 ^ ^ O 
in lo co co 


co O ^ 
O 00 co 


cn a o 
o o 00 o o 

■—I rH H 03 H 


CO ^ 03 O ^ 

cn cn o oo cn 

H H 03 H H 


03 

o 


o O -4 H 

CO o o o 

03 -H rH H 


00 

CO 


CO 


in 

00 


03 

n 


X 
r ) 

I 


to 


03 O o 

O OJ o 


o o 

O 00 00 


O M* o 
00 o cn 


H tO lO 

oo o cn 


in in oi 
OJ 00 o 
H H 03 


CO H 

00 o 


lO rl ^ 

O CO O 


O CO 00 OJ o 

o o 00 00 oo 

H i —4 H i —1 rH 


OJ O o 03 co 

n cn oj oo oj 

H rH rH H H 


o 


o ^ CO o 

CO !> O oo 


CO ^ CO 

o co O 

H H H 


OJ 03 LO oo ^ 

o O 00 0J oo 


0J cp 00 ^ cO 

^n jj o co oo 


o 

00 


o CO co co 
h o r- oo 

03 H H H 


0J 03 to 

o o 


CO OJ LO 00 tO 

o 00 0J 00 o 
H i —4 i—4 H H 


M 4 03 OJ ^ CO 
0J 0J 0- CO o 


CO 

o 


^ o co 

00 o o o 


O 03 CO 

00 00 o 


00 tO H CO ^ 

oo cn oj o o 


o CO O 00 03 
ao oj cn o oo 


00 

o 


H ^ O 03 

00 o o o 

H H H •—I 


03 CO 

CO oo 


00 H o 03 oo 

O 00 00 oo ao 

03 H H H i I 


to iO ^ L0 CO 

cn oj cn cn cn 


o 

o 


o oo co cn 

CO O O t> 


03 to O 

00 tO 00 


tO 03 03 03 cn 

00 00 oo o oo 

H H H 03 H 


in ^ o co co 

00 O oo 00 o 

H 03 H H H 


CO 

t> 


CO 03 O ^ 

cn ao oo cn 


rH 03 CO ^ lO co O oo OJ O ,4 Ol to ^ tO 


co [> oo cn o 

H H H H 03 


H 03 CO ^ LO 
03 03 03 03 03 


co o oo cn o rH 

03 03 03 03 co CO 


ao 


CO 

00 


o 

oo 


03 

ao 


cO 

ao 


00 


10 

z 

< 

UJ 

2 


281 
























earth _ curre:nt POTENTIALS at huancayo magnetic observatory 


$ 

O* 

H jjJ 

J I 


z 

< 

LJ 

5 

z 

< 


CC 

U 

5 

h- 

<0 

LJ 

$ 


aa'*s.8 sgSaS S SaSSs SSSliSMli 


<0 


O 00 00 CO 10 

to to ^ N 00 


OJ lO <0 
OHO 


CD ^ O CVJ 00 

CVJ O ^ 


<0 

o 

at to 


CO 

CVJ CO CVJ CO ^ 

^ m c 

Q CO 

K|« 


OJ to 


CO 

rl H H rl rl 

rl rl r 

H rH 

rH 

rH 

rH rH 

rH 

rH 


H H H H H 


CD 


(O <M O O CO 

to 00 F* CO 00 


OHO 

O ^ H 


9 




(O O CO ^ ^ 

cvj co oa to to 


OJ OJ O CO CO 

H tO CO ^ Kf 


^ ^ ^ ^ <0 

to CO 04 to 

r ~4 r -4 r—i r -4 r -4 


^ ^ O <0 00 

CO C*- CO CO ^ 


HCOH^O 

^ in cn o> 


03 oo ^ o 

O CO H OJ LO 

rH r—i rH rH rH 


CO 00 H CO H 

OJ CO CO 


9 


CO LO 00 O to 

O O CO CO 


^ o oo cd 

CO CO ^ CO CO 


O <0 O 03 00 
lO CO CO 
H H H H H 


CO 

9 


OJ 

OJ 


Q 

LJ 

h- 

< 

u 

Q 

Z 

<0 

< 


CL 

LJ 

o 

X 

u 


w 

> 

t-H 

H 

C 

a 

w 

z 


a) 

lj 

D 

_J 

2 


(0 

h- 

O 

> 


Ll. 

O 

(0 

I 

h- 

z 

LJ 

h- 


Q 

Ld 

CO 

CO 

Ld 

cr 

QL 

X 

LJ 


OJ t* O CO o 
^ m o) c- o> 


^ O OJ cvj to 
O 00 OJ OJ 00 


ao oj cn ^ co 

OJ CO 0- CO CC) 

i—I rH rH i—I i—I 


OJ CD ^ ^ LO 

h to co m ^ 

C\1 H H H H 


OJ CO LO 00 
^ CO CO CO 


O co O LO CO 
^ CO LO 


CDCOCOCOO 
^ LO C^ 00 CD 


CO H 00 H OJ 
O H H OJ 00 

i—1 i—I i—I H i—I 


rH CO 00 O CO 
CO CO ^ co 


O 00 CD H co 

00 ^ LO LO ^ 


^ CO ^ OJ o 

rH T* ^ 
rH i—I r—! H H 


OJ H CO OJ OJ 

H ^ Tt lO 

H OJ rH H H 


CD 

OJ 


C\J 

CO 


W 

CD 

cc 


z 

o 

h- 

u 

u 

a: 

Q 


LO 

00 

• 

OJ 


(/) 


lO 

I s * 

D 

LJ 

5 

o 

o 

z 

c/) 

< 

cr 

D 

O 

I 

LJ 

Z 

o 


O ^ CD CO O) 

^ m m ^ a) 


co H io in 

O H rH rH t> 


Ol (O O ^ H 
CO ^ co ^ CO 


OJ OJ 00 Tf CD 

r- io io ^ ^ 


CO co O OJ 
^ co ^ ri* 


CO ^ co CO 00 

Tt 00 ^ LO ^ 


OJ 

CO 


O H ^ ^ 
CO CO CD 00 0) 


o co CO Tf 

rH o) H OJ co 

rH H I—I I—I rH 


co co m ^ h 
CO ^ 00 LO CO 


OJ co CO O CO 
fN. ^4 ^ ^ LO 


00 rl vf ^ H 

to in in ^ ^ 


CO OJ CO 

^ cn co co ^ 


O co ^ 
CO co o 


O CD 
00 o 


(O O 00 ^ CO 

to co o ^ in 


rH CD rH H CO 

^ ^ LO co ^ 

H rl i—I i—I rH 


CO CO H 
O ^ CO 
rH rH i—l 


^ CO 


OJ CD CO ^ H 
^ LO LO ^ 


O O Ifl ^ Ifl 
in co co in m 


CO 

co 


CO 

CO 


V X 

x o 

s ^ 

O u 
cr -J 

LJ 
Ql 


to CO 00 00 ^ 
^ O CD I> rH 


00 CD o ^ o 
OJ OJ H CO ^ 


co oj h ^ 

CO LO LO co o 


CO LO CO o to 

CX) O CO [> 

rH rH H rH rH 


^ m n n ^ 
to in ^ co ^ 


oo r- co o co 
^ in m m m 


t> 00 00 00 o 

CO CD CO i—I i—I 


oo o m oj in 

rH OJ CO OJ CO 


CO^fOrHO- 

OJ ^ OJ O co 


OJ co LO O O') 

O 0- H 00 

rH rH H OJ H 


CD CO OJ CO 

00 O O LO 

rH H OJ H rH 


CO 


OJ O ^ LO 
OJ LO CO l> 
OJ H rH H 


O O CD CO CO 

CO O 00 CO O 


CO OJ O to ^ 
CD H CO OJ CO 


cn ^ in o 

O CO OJ lO LO 


lo co ao 
co co to 


o oo 
o co 

OJ H 


OCOOOO 

to to in co in 


oo o lo co 
co r- ^ ^ o 


00 O ^ OJ CO 

rH LO 00 CO O 


CO OJ 00 OJ oo 

00 CD ^ CD O 


m o ^ n n 

O ^ LO OJ CO 


O O O O CD 
^ 00 H CO CO 


LO 00 o o oo 
|H OJ CO OJ ^ 


LO ^ OJ oo CO 
OJ CO OJ CO CO 


00 


00 

CO 


LJ 

> 


CO *-• 
to LJ 
LJ Z 

o □ 
o u 

D 

CO 

o I 

- 3 

EH 

<f) CC 


o 

z 


o 

< 

cr 

u 

< 


cr 

< 

10 

LJ 

D 

_J 

< 

> 

cr 

< 

-J 

D 

CD 

< 

h- 

u 

I 


OJ 

(D 


0C 

CL 

< 


CVJ 


^Ol^OO 

oj in o co 


•^CDcO^tOJ OJ 00 00 OJ io ^ 00 OJ c\l ^ °9 ^ 5 S n n 

So^h^o CD CD 00 O rH CO ^ CO O OJ rjrHLOCDOJ [1 00 2 2 2 
u ^ I- « I f I ^ p-j ,_( p( fH I—I H rH rH I—1 I—1 ' I 


SSSSS SS228S SSS8S §§§S? 388S8 SSSSS 


i^i di n m n OJlOOCOCD COOO^^ C s -OJlOCO^ LOrHOOJcO 9 2 ^ 2 

® H oo n MU oioniom cdctj^oicd 


rs^. ^+* «-h __j inr^r'ioro 00000*0 o ^ 00 O ^ lO H rl (O O O OJ ^ CO O 

Ojlx)^^^ SolOCDCD ^ 00 CD CD CD O tO 00 CO H OOOCDO 

_± _ ““ ‘ 


^ o o c or* in^tDMW ^^^22 S S 5S S 2 

h <o <M to S r-aDt005CD to o o> i—j r-j w O Oj o H ^ h h 


»SS8? 8SS23 K 3 8 S ^ S8S3S 22223 22323 


”SS8S2 3888 3 33 38 8 8 3888 S8888 §2322 


23888 §8883 82288 88888 §2222 22222 


<”3888 88382 282 38 22888 §8388 8888S 


”8838 83388 §2232 22222 32322 22222 


*S8?f S 8 2 2 2 8 8 88 8 83528 §222 2 2 22 22 


-3S3S 83838 §8388 32332 §8888 33388 


CD 


CVJ 


00 

o 


00 

o 


CD 

O 


CO 


rH CVJ CO < 3 * LO 


CO O 00 CD O 


h oj w ^ n 


co O 00 CD O 

rH rH rH rH cvj 


rH CVJ CO ** LO 
C\J CVJ CQ CVJ CVJ 


(O c^“ oo CD o 

CVJ CVJ CVJ CVJ CO 


CO 

z 

< 

LJ 


282 








EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


S H 

H <>> 
< Id 

o $ 

9 o 
Z ui 


o’ ^ 

2i y 

u o 


Cd (Z 
> D 


CO 

o u 


CO Li- 
Ld O 
D 

-J co 


I a 
(0 W 
h CL 
-J 

O Ld 
> > 

-J CO 
-1 CO 


CO 

i a 

h P 

Z ^ 

Ld 

h- <*> 

Ld 

Z q 


CO ^ 
CO 


o 

w ™ 

w 0 > 
n> -=- 
oc o> 

H T 


co ' 

a: ^ 


I CO 
f- I 


O l 

CL ^ 


03 H Oi CO ^ 

cs- <0 r- c^- 


^00^0 
lO lO lO CO CD 


^ 03 lO h O 

co cd o dp cd 


oo dp o cm 

CO CO O CO CD 

rH rH 03 H rH 


H O CO O ^ 
[>- O- CD LD 00 


O CO CO O O 
CD M t> 00 CD 


CO CO dP CO LO 
O O CO O 00 


CO 00 CO CO co 

r- r- r- ao 

r~\ r~\ t-\ r-\ r~\ 


03 00 03 a> 00 
00 00 0 - oo LO 


(DDptOMO 

O 03 00 O rH 
rH 03 rH rH 03 


Dp O O Dp ^ 

00 03 00 O H 

rH 03 rH rH 03 


03 CO CO LO LO 
CD LO 00 O- ^ 
rH i—I H i—I 03 


O H ^ ^ O 
CD 00 CD O ^ 
i—I rH rH i —1 03 


CO rH 03 03 Dp 
oo ao oo o to 
f—I »—1 i—I i—I CO 


CO 

CD 

to 


fH 

CO 

1—1 


CO 

CD 

o 

00 

a) 

o 


f —1 

rH 

CO 

f —1 

fH 

CO 

— 







r- 

LD 

CO 


CD 

(D 

to 


O- 

00 

1—1 

M 

CD 

o 

1 

CD 

rH 

rH 

CO 

1—1 

H 

CO 

(D 

i —1 

CD 

CO 

LO 

O 

ID 

Y 

CD 

O 

o 

CD 

O 

1—1 

to 

rH 

CO 

CO 

rH 

CO 

CO 

lO 


o 

00 

to 


o 


rH 

to 

LO 

rH 

O 

rH 


CO 

CO 

f —1 

CO 

CO 

CO 


M 

o 

to 

00 

to 



rH 

00 

00 

CD 

o 

CD 

ro 

CO 

1—1 

rH 

CO 

CO 

1—1 

n 


LO 

CO 

o 

o 

CO 

1 

CD 

CD 

00 

to 

M 

M 

CVJ 

i—l 

rH 

1—1 

CO 

i —1 

rH 

0 J 

o 

M 

o 

o 


O 

— 

LO 

to 

LX 3 

1—1 

LO 

lO 

i 

1—1 

i—i 

rH 

CO 

rH 

rH 


o 

CD 

to 

•30 

cO 

lO 

— 

CO 

to 

CO 

lO 

to 

to 

i 

o 

r —1 

i —1 

rH 

rH 

i —1 

1—1 

o 

LO 

O 

o 

LO 

CO 

o 


00 

CO 

to 

CD 

X 3 

to 

i 

CD 

rH 

rH 

rH 


i —1 

r —1 

CD 

CD 

co 

CO 

M 

00 

CD 

CO 

co 

o 

co 

to 


00 

rH 

rH 

rH 

1—1 

rH 

i —1 

00 

1 

00 

CO 

to 

L0 

00 

:0 

to 

00 

CO 

LO 

LiJ 

i O 


un 0 - l> 


D 

03 CD 


lO 


lC 

CO 

CO 

o 

03 

t ^3 

o 

CO 

CO 

f —1 

LO 

o 

M 

o 

D 

D 

M 

t> 

rH 

CO 

f —1 

:o 

rH 

rH 

rH 

i —1 

rH 

1—1 

rH 

to 


M 

CD . 

CD 

r —1 

to 

CD 

CO 

M 

aj 

CD 

rH 

CD - 

D 

l> 

CO 

CO 

CD 

rH 

i—< 

f—l 

CO 

i —1 

t —1 

r— 1 

f— l 

i — 1 

rH 

CO 

CD 

C ) 

o 

f 03 



Ci 

D 

CD 

00 

cD 

O 

o 

M 

CO 

r- 

D 

O 


rH 

rH 

rH 

rH 

rH 

i — 1 

rH 

rH 

i — l 

rH 

CD 

cD 

CO 

CD 

r O 


CD 

CO 

CO 

i — i 

r- 

LO 

CD 

D 

D 

D 

C- 

l> 

00 


rH 

i—1 

rH 

i—1 

rH 

r—1 

rH 

rH 

rH 

rH 

■O 

*0 

CD 

r) 

to 


CD 

lO 

c\i 


l> 

•r-r 

CD 

D 

[ - 


o 

O 

D 

V 

rH 

r —1 

i—1 

rH 

rH 

rH 

rH 

i—i 

rH 

rH 

O 

r' 


CO 

rH 

CD 

CO 

l/j 

CD 

ID 

CD 

CO 

r- 

lO 

D 

M 

CD 

00 

M 

no 

rH 

rH 

rH 

rH 

r—"1 

rH 

i—1 

rH 

rH 

t —i 


DO C." CO LG 0 

o co o no o 

rH i —I 03 i—I rH 


rH 03 CO DT Li J 


'O 03 CO t0 Dp 

00 o co O (D 

r—< i—I I—I (—{ I —I 


CO CO O O) 03 

r^* c^- cd oo 


03 O co ^ 

O- 00 O 00 o 


^ 00 O CO 00 
O O' CD CD 00 


03 o o CD 

0- 00 CO 00 CD 

H H 03 H H 


Dp CO CO H CO 
M 00 Dp CD CD 
i—I H C\] H i—I 


<D Dp O O LO 
CD 00 rH CD 00 
i—I i—I 03 rH f—I 


CD CD O 00 CD 

M CD 03 CD 00 

rH rH 03 rH rH 


H CD O LO O 

CD CD LO O 00 

rH rH 03 03 rH 


LO co O O CO 

(D CD o rH O 

rH rH 03 03 03 


to H co CO ^ 

CD O O rH 03 

fH 03 03 03 03 


CO D CO CO 00 

O CD 00 03 rH 

H H H 03 Ol 


L0 CD 03 O O 
CO 00 CD HO 
i—I i—I i—I 03 03 


CO co 00 03 CO 
LO CD O 00 00 
i—I i—I 03 i—I i I 


cg o dp o o 

dP aO CO LO co 

rH rH 03 rH rH 


O ^ LO O CO 
00 l> (D Dp tO 
I—I i—I I—I f-H (—I 


O O 00 o o 

CO CO O CO CO 
rH rH f—I rH i—I 


O dT Dp CO H 
CD CO 03 LO CO 

i—I rH i—I i—I i—I 


O Dp M Dp o 
co to ro co co 

I—I I—< I—I I—I I —\ 


LO o LO co CO 
O CO dP LO o 
03 I—I •—I rH I—I 


C) co CD iD Dp 
no CO CO O CO 

I —I I—I i—I i—i rH 


o- dP r O c \3 03 

lg '.0 0 CO CD 

rH rH rH rH rH 


(D fH no 03 CO 
CO O CO G no 

rH i—I i—I i—I i—I 


('3 Dp dP CD O0 

co o <D co r 

i—I i—I r—I i—I (—I 


O LD CO CD CD 
CO O (D O CD 
rH i—I i—I i—I i—I 


CO O rH co o 

O CD CD lO (D 

03 rH rH rH rH 


rH 03 to Dp LG 

i—I rH rH rH t —1 


rH CO CO 

o> r- oo iS- S 


Dp O CO <?P CO 

CD O 0 - l> CD 

rH 03 rH rH rH 


cO lO Dp <5p ID 

U j 00 H 00 00 

rH rH 031 rH rH 


03 O) CO O 
rH LO 00 CO 00 


00 00 O 00 CO 

00 00 00 00 00 

03 H H H H 


Dp O O O dP 

LO o rH CD CD 

03 03 CXI rH rH 


O LD to o o 

lO O rH CD CD 

CO CO CO rH rH 


03 O O CO O 

Dp O CD CD O 

03 03 rH rH 03 


Dp Dp LG CO Dp 

to 00 CD CD O 

03 rH rH rH 03 


(\3 it o O CO 
Dp cD i—I 03 rH 
03 rH 03 03 03 


DO O O lD lO 

03 CD H LD DO 

03 H 03 03 03 


03 CD DO O CD 

rH O CD Dp O 

03 -TO rH 03 03 


03 03 03 LO O 
00 H CO CD O 
rH 03 i —I rH f—I 


03 ID CM <0 00 

cd oo r- 


CO 00 CO CD CD 
CD X s - 00 00 


O LO CO O CO 
00 00 O CD CD 


O O LO CO CO 
00 00 CD 00 00 


DO ^ CO 0- CD 
CD 00 CD 00 00 


CO 03 DO CO CD 
CD CD LO CD 00 


C\3 CO DO CD C\3 
00 CD O 00 CD 
i —I rH C\3 1 —^ 1 — 1 


O O CD ^ DO 
00 00 CD 00 CD 


O ^ CD CO ^ 
CD CD CD CD 00 


03 CO C\3 lO 

H CD CD «H 00 

03 rH «H C3 rH 


03 ^ CO O 03 

DO CD LO 03 CD 

(M H 03 (M H 


ococ\iOr- 
O 00 O fH CD 
03 H 03 03 H 


to O CO CD 

CO CD CD 00 


oo to W O CO 

C^» 00 00 00 


Kt o rH CD 00 
00 CD O CD 


(O O h 03 00 

oo co r- oo cd 


O lO MO ® 
CD tO O 00 CD 


O l/3 O 03 to 

CD 00 CD 00 O 

rH rH rH H 03 


CD^f C^rHM 
CD CD CD m CD 
rH 03 fH rH rH 


lO to M CO 

D D o D 

H C\3 H 03 H 


o CD CD 
CD M 03 H 00 
f—1 rH C\3 C3 rH 


03 h O O 1 O 

O CD 03 O O 

CO H CO 03 03 


O CD tO O iG 

O CD O rH CD 

CO H CO 03 H 


O CO 03 00 LO 

CD M O rH i—I 

rH CO CO 03 CO 


CO CO O O CO 
CO CO CD CD CO 
i—I CO i—If—I CO 


M ID CD o 

CO O LD CD 00 

rH CO rH rH rH 


CO 

CO 

CO 

lO 

o 

o 

o 

LO 

o 


LO 

CD 

co 

OO 

C) 

D 

l> 

CD 

M 

CO 

CO 

CO 

LO 

O 


CO 

LO 

CO 

to 

to 

M 

Uj 

rH 

i — 1 

rH 

rH 

rH 

rH 

rH 

i — 1 

rH 

rH 

t — 1 

rH 

f—i 

rH 

rH 

r~i 

LO 

cD 

o 

rH 

o 

rH 


o 

o 

o 

CO 

o 

CO 

rn 

00 

co 

Lij 


00 

CO 

o 

L 0 



to 

L 0 

to 

00 

CO 

to 



i —1 

rH 

f — 1 

1—1 

1 — 1 

f —1 

rH 

rH 

rH 

1—1 

f —1 

I —1 

H 

•—1 

rH 

rH 

CO 

to 

o 

CO 

LO 

CO 

LTD 

to 

to 

to 

o 

00 

00 

CO 

o 

M 


to 

LO 

(D 

rH 

lO 

t <3 

CD 

Dt 



CO 


vF 

co 

CO 

rH 

1—1 

1—1 


f—1 

i—1 

rH 


i—1 

f—1 

f—1 

1—1 

i—1 

i—1 

1 —1 

r— \ 

D 


LO 

CD 

LG 


CO 

o 

lO 

dC 

CD 

to 

CO 

CO 

CD 



o 

to 

CO 


LO 

to 


to 



LO 


dT 

CO 


f—1 

rH 

rH 

rH 

f - J 

rH 

rH 

C3 

rH 

H 

t—1 

f—1 

rH ^ 

i—1 

f—1 

f—( 

CD 

to 

LO 

o 

a.) 

CO 


CD 


D 

D 

CO 

D 

to 

l> 

D 


LO 

CD 

CO 


M 


O) 

l/) 

LO 

lO 

CD 

lG 

oO 

X) 

Li J 1 

i—l 

i —1 

i —1 

i —1 

rH 

i —1 

rH 

rH 

1 —1 

rH 

H 

rH 

i— l 

rH 

f- 1 

f-< 


H 

CD 

CO 

O 

CD 

00 

CD 

CO 

i—1 

'O 

to 

00 

CD 

rH 

c > 

.o 


Dp 

M 

CO 

M 

oo 

CO 

CD 

M 

CO 

M 

o 

lO 

o 

^D 

M. 

i —1 

i—1 

H 

1—1 

H 

H 

H 

H 

i—l 

i—1 

H 

rH 

H 

rH 

r—1 

r—l 

o 

no 

CO 

to 

CD 

O 

Dp 

O 

to 

LG 

O 

CO 

DP 

CD 

CD 

lO 

M 

DP 

I> 

no 

CO 

CD 

o 

i—1 

O 

O 

00 


LO 

M 


o 

i—1 

H 

i—1 

H 

H 

rH 

f—1 

CO 

1—1 

H 

1—1 

rH 

H 

r—i 

r —\ 

1—1 

o 

O 

DP 

CO 

M 

CD 

Dp 

o 

DP 

CD 

Dp 

to 

DP 

CD 

C ) 

lO 

o 

o- 

00 

CO 

cD 

M 


o 

c O 

M 

^D 

00 

LO 

M 

M 


H 

1—1 

1 —{ 

i—l 

i—l 

i —1 

i—1 

CO 

i —1 

i—1 

H 

H 

rH 

H 

r —\ 

1 —{ 

o 

to 

o 

CD 

M 

■D 

M 

CO 

LG 

O 

Dp 

r- 

M 

'D 

dP 

03 

D 

D 

>D 

M 

CD 

M 

M 

lO 

C D 

CD 

co 

o 

L/3 


o 


i—1 

i—1 

i—1 

i—1 

H 

i—l 

H 

H 

i—1 

f—1 

i—■! 

H 

1— 

i—i 

rH 


H 1 

(D 

fD 

CO 

CO 

O 

rH 

LO 

to 

CD 

H 

00 

CD 

r—1 

DP 

DP 

no 

M 

M 

o 

O 

00 

no 

lO 

M 

o 

00 

o 

an 

M 

O) 

T' 

H 

H 

H 

H 

*—1 

H 

H 

f—l 

H 

1—1 

i—1 

f—1 

H 

i—1 

1—^ 

r H 

D 



i—1 

CO 

O 

to 

lG 

Dp 

DP 

M 

D 

CD 

CO 

an 

LG 

CD 

to 

00 

CD 

M 

00 

CD 

M 

M 

cD 

00 

M 

an 

CO 

O 

G 

H 

H 

rH 

rH 

H 

f—1 

H 

t—l 

H 

H 

(—1 

»—l 

t — 1 

^— 1 

r — 1 

i —1 

Dp 

DP 

DP 

Dp 

O 

o 

to 

cD 

to 

DP 

cD 

CO 

i — 1 

an 

*o 

an 

O 

CO 

[> 

(D 

00 

CD 

cD 

M 

M 

CD 

no 

00 

M 

no 

M 

l 

H 

H 

H 

i — 1 

i — 1 

i — 1 

H 

H 

i — l 

H 

H 

f — l 

rH 

rH 

t —1 

r " 
















CD 

Z 

D 

L""- 

no 

CD 

o 

H 

CO 

CO 

DP 

LO 

cD 

M 

00 

CD 

O 

< 

i — 1 

i — 1 

H 

i — 1 

CO 

CO 

CO 

CO 

CO 

CO 

e0 

CO 

CO 

CO 

t^n 

id 


















283 














EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


CM 



? 

8 

3 

CO 

CO 

S R 

£ 

• 

• 

t 

CM 

to 

rH 

LO 

o 

LO 


§ 

b 

in 

CM 

to 




UJ 

rH 

rH 

rH 

H 

rH 

rH 

• 


rH 

rH 

rH 

rH 

H 

rH 

rH 

CD 

Id 


2 

















2 


* 


“■ 


MMM 



. 

mmm 








>H 




CM 

CM 

rH 

$ So 

CO 

• 



CO 

O 

CM 

CO 

CO 

lO 

< 

r* 



CO 

CO 


• 


to 

LO 

CO 

lO 

lO 



2 

7 



rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

rH 


< 

UJ 


<0 

$ 

rH 

CO 

CD 

CO 

00 

• 


CM 

CO 

CD 

CO 

CO 

b 




CO 


CO 

CO 

CO 

• 


IQ 


LO 

LO 


LO 

to 


2 


Rl 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

rH 


Z 

< 


(VI 

CM 

1 

CO 

b 

H 4 

O 

CO 


• 


o 

LO 

CO 

00 

CO 

b 

CD 




CO 

CM 

if) 



• 


CO 

CO 

rH 

LO 


U) 



D 


CM 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

rH 


CC 













CO 



CO 



UJ 


CM 

LO 

o 

CO 

CM 

LO 

LO 

• 


5^ 

LO 

CO 





1 


co 

CO 

CO 

IQ 


• 


CO 

CO 

rH 

LO 


m 

to 


2 


O 

(M 

rH 

rH 

rH 

rH 

rH 

rH 



rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

UJ 

b 

<0 


O 

CM 

1 

CO 

CO 

CO 

CO 

b 

CO 

• 


LO 

CM 


CD 

LO 


LO 

h* 

z; 



Tt 1 

b 

CO 


• 


LO 

00 

rH 

CO 

LO 

LO 

m 

< 

UJ 


0) 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

Q 

> 

M 

















> 

CC 

5 

CM 

00 

CO 

O 

b 

00 

• 


00 

CO 

LO 


CD 

o 

CM 

2 

0 

in 

b 

Eh 

1 

LO 

CO 


CO 

in 


• 


LO 

CD 

rH 

CO 

to 

CO 

b 



(0 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

rH 

(O 

Q 

z 

CO 

CO 

00 

O 



o 

• 


O 

DO 

CD 

CO 

LO 

O 



UJ 

o 

1 

LO 

CO 

LO 

ao 

LO 

LO 

• 


CO 

LO 

CO 

b 

LO 

CO 

b 

|— 

b 

b 

b 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

1—i 

rH 

0- 

LJ 

u 

X 

< 

o 

o 

UJ 

b 

O 


DO 


CO 

LO 

• 


CO 

b 

CD 

CM 

O 

DO 

LO 

D 

z 

CC 

1 

CO 

b 

CO 

o 

IQ 

CO 

• 


00 


b 

CO 

CO 

CO 

00 

o 

CO 

rH 

rH 

rH 

CM 

rH 

rH 

• 


rH 

rH 

rH 

r—1 

rH 

rH 

rH 

u 



cn 

CD 

O 

LO 

CM 

CM 

o 

• 


CM 

o 

O 

b 

b 


CM 


c n 


i 

CO 

b 

b 

CO 

LO 

CO 

t 


00 

CO 

00 

00 

b 

b 

O 


< 

LO 

00 

• 

in 

rH 

rH 

rH 

CM 

rH 

rH 

• 


rH 

rH 

rH 

rH 

rH 

rH 

CM 

w 

cc 

in 

CO 

O 


O 

b 

b 

• 


CD 

CO 

CM 

CO 

CD 

O 

CO 

> 

D 

CM 

i 

b 

CO 

b 

b 

LO 


• 



CO 

OO 

CD 

00 

00 

CD 

PH 

E-* 

< 

o 

o 

X 

UJ 



rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

f—1 

i—1 

rH 

i—1 

rH 

cn 


m 

O 

LO 

O 


O 

• 




o 


CO 

LO 

O 

W 


i 

LO 

b 

LO 

CO 

LO 


• 


CO 

CO 

00 

O 

b 

b 

CO 


z 

a 


cn_ 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

i—1 

1—1 

CM 

rH 

rH 

rH 

C0 

Ld 

D 

Li_ 

z 

n 

O 


00 

00 

CO 

O 

• 


CM 

o 

b 

rH 

00 

CM 

CO 

o 


i 


CO 

CM 

LTD 



• 



LO 

CO 

00 

LO 

LO 

LO 

X 

l_ 

CM 

rH 

rH 

rH 

rH 

rH 

rH 



rH 

rH 

rH 

rH 

rH 

rH 

rH 

-J 

< 

cn 

a 

r- 

o 

“7 

CVJ 

ID 

ID 

CM 

LO 

CO 

o 

• 



CM 

CM 

o 

DO 

ID 

CM 

> 

o 

t y 

z. 

1 

O 

CM 

O 

CO 

CM 

CM 

• 


CO 


LO 

DO 

DO 

lD 


| 

UJ 

_J 


rH 

rH 

rH 

rH 

i—1 

rH 

• 


rH 

i—1 

rH 

rH 

rH 

rH 

r—1 

1 

CO 

Li- 

UJ 


— 

O 

CM 

O 

O 

CO 

CO 

• 



in 

LO 

b 

LO 

G 


b 

0- 


1 

O 

b 

CD 

CD 

1—1 

O 

• 


CM 

CM 

DO 

rH 

CM 

DO 

rH 

-1 

o 

Ld 

> 

PH 

1 

O 

rH 

1—l 

rH 

• 


r—1 

rH 

rH 

i—1 

rH 

rH 

i—1 

> 

cn 

PH 

o 

O 

LO 

O 

CO 

CO 

b 

• 


CM 

b 

i—1 

CM 

O 

LO 

b 

_) 

cn 


1 

O 

o 

CD 

CD 

CM 

O 

• 


CM 

DO 

DO 

CM 

DO 

CM 

i—1 

_J 

cn 

UJ 

CD 

rH 

f—1 


i —l 

rH 

• 


f—1 

rH 

i —1 

i—1 

rH 

rH 

rH 


u 

Z 

















o 

i 

CD 

1 

00 



CM 

CO 


• 


CM 

b 

•o 

CM 


LO 

DO 


o 

_j 

CD 

rH 

O 

rH 

CM 

CM 

• 



DC) 

DO 

DO 

CM 

CM 

CM 

li_ 

o 

D 

cn 


00 

i—i 

rH 

rH 

rH 

rH 



rH 

rH 

rH 

i—l 

rH 

rH 

rH 

c f) 

a 

00 

CM 

o 

DO 

DO 

CO 




CM 

O 

O 

LD 


O 

b 

x 

X 

CC 

rH 

CM 

CM 

CM 

CM 


• 


LO 


St 

■sf 

CM 

sf 

CM 

b 

o 

lo¬ 

< 

b 

rH 

i —1 

rH 

rH 

f—1 

rH 

• 


i—1 

i—1 

rH 

rH 

rH 

i—1 

rH 

z 

b: 

















UJ 


Eh 

h*. 

o 

b 

O 

O 

CM 

O 

• 


00 

b 

CO 

DO 


LO 

ao 

b 

rn 

CC 

1 


DO 


DO 

CM 

vf 

• 


LO 

CM 



CM 


CM 

UJ 

O 

CO 

1—1 

rH 

rH 

rH 

rH 

i —1 



rH 

rH 

rH 

rH 

i—1 

rH 

i—1 

z 

o 





— 





— 








— 

< 


(O 

| 

LO 

co 

o 

CO 

O 




CO 

DO 


CO 

CO 

LO 

CO 

D 

UJ 

CC 

|— 


DO 


CM 

CM 

DO 



LO 


LO 


DO 

CO 

DO 

Ld 

Z 

in 

rH 

rH 

rH 

rH 

rH 

i—1 



rH 

rH 

rH 

rH 

i—1 

i—1 

i—1 

cn 

< 

UJ 
















CO 

in 


Z 

in 

i 

CO 

co 

t^) 

o 

CO 

O 

• 



"M 1 

CO 


st 

CO 

UJ 

Ld 

CC 

o 

CO 


D^J 

DO 

CM 

DO 

• 


LO 


LO 

lD 


CO 


cc 

X 


1—l 

rH 

i —1 

rH 

rH 

rH 

• 


rH 

rH 

t—l 

i—1 

rH 

r—l 

rH 

Q. 

< 

2 

















X 


o 


CM 

i—< 


LO 

00 

b 



CM 

lD 

LO 

CM 

o 

DO 


Ld 

cn 

UJ 

o 

i 

lO 

DO 

CO 

DO 

CM 

DO 



LO 


LO 

LO 

lO 

LO 



CQ 

rH 

rH 

i—l 

i—1 

rH 

rH 



rH 

i—l 

i—1 

rH 

r—l 

i—1 

rH 


D 


n 

i 

o 

LD 


O 1 

CM 

O 



DO 

00 

rH 


CD 


00 




CM 

CM 

DO 

DO 

CM 





st 

CO 

LD 


CO 



H 

> 


CM 

rH 

rH 

rH 

i—< 

i—1 

rH 



i—1 

rH 

r—l 

1—l 

rH 

rH 

f—i 


CC 


CM 

1 


DO 

O 

O 

LD 

DO 

• 


CO 

b 

LO 


CO 

00 



< 


LO 

CM 

DO 

DO 

CM 

DO 

• 


ID 


CO 

LO 

sf 

00 

CO 


-J 



r—l 

rH 

i —l 

rH 

rH 

rH 

• 


rH 

i —\ 

i—1 

rH 

rH 

r—1 

rH 


D 



















GO 



o 

O 

lO 

LO 

CO 

G 

• 



00 

CM 

CO 

CO 

o 

CO 


< 


1 

CO 

DO 

rH 

CM 

DO 

rH 



LO 


LO 

LO 


CD 

LO 

C\i 

b 


O 

rH 

rH 

rH 

rH 

i —\ 

rH 



rH 

rH 

rH 

i—1 

rH 

rH 

rH 

"X 

CD 

id 










- 








r-H 

X 



















b 


£ 

rH 

CM 

DO 

H 1 

LO 

‘X) 

b 

00 

CD 

o 

rH 

CM 

CO 


LO 

< 
> ‘ 



a 









rH 

i—1 

rH 

rH 

r—1 

rH 


if) 


CM ^ rH ^ O 
if) if) if) if) <0 


in 

if) 


<o CO <o 

b CO CO 


CO lO 00 o> CM ib 
CO CO in CO CO 


CVJ 

to 


rH lO ^ ^ to 
lO l/) lO lO CO 


H O ^ to CO 
lO 10 co co CO 


t 


^ H 00 H 00 

^ co co 


CO 

lO 


CO 00 H ^ O 
if) if) CO lO 


CM CO CO CO CO 
LO in CO LO CO 


CO CD b CO lO 
co co co b b co 


CO co o ^ o 
CD CO lO co 


00 ^ CO O CO 
LO to CO lO CO 


00 03 tO O H ^ 
CO CO b CD 00 CO 


C\1 O tO 00 
co CO LO lO IQ 


O CO CO CM O) 
CO ^ CO CO co 


b cd ^ cd b b 

co lO CO b b lO 


^ lO H CM 

(O co co co CO 


b CM 
CO LO co CO b 


00 LO co O O LO 
co ^ co b oo b 


lO 


b 

if) 


a> 

LO 


CM 

CO 


co ^ CO CO 
CO CO CO b CD 


H 0) ^ Ifi O 

oo io ao b oo 


CO c; O to CM 
b CD oo oo go ao 


CM co O H O 
b b 00 00 CD 


b O lO b ^ 

b co O 00 00 

H H CM- H H 


M* Cvi CM 00 H 

oo o b cd oo oo 

H CM H rl rl H 


^ o ^ oo o 

CD CD CD CD CD 


^ 00 O CO 00 

00 O CD 00 00 

H CM H H rl 


CO M* CO LO CO 

CD CD 00 00 CD 00 

rH rH rH rH r—1 rH 


00 CO M 1 LO O 
CD 00 00 00 00 


CO CO O CD pH 

b O 00 CD CD 

rH CM rH rH rH 


00 b CO ^ O 
00 O 00 00 CD CD 

rH CM rH rH rH rH 


^ OO 00 co o 
00 O co CO CD 


^ CO 00 ^ o 

CO 00 CO o 00 


O CM o O CO CM 
b CD 00 CD 00 CD 


CM O LO CM CM 

LO LO CO b 

rH i—I H H rH 


CO O ^ ^ tO 
^ b CO co o 


CO co CO LO LO o 

LO O o CO CO o 

rH CM rH rH rH rH 


00 CO CM 00 00 
CO to CO rH O 


O ^ CD O o 

CO CO CO co 


b o 00 b LO CO 

^ LO co ^ co co 


CO ^ O 00 o 

O O rH O CD 


LO C J co to 

CM CM CO M 1 LO 


00 O CM M 1 CO O 
^ H CO co CO CO 


O co O CO O 
CM CM CM O CD 


O O lO 00 lD 
CM CM CO CO M 1 


O Xt 00 o CM co 

co co CO co CO LO 

rH rH rH rH rH rH 


rH CO CO rH CO 
CO CO CO CM rH 


O CO CO CO 00 

co co ^ ^ LO 


LO 00 O rH I—I CM 

co LO CO co co lO 


O) O M 1 O 
M 1 LO CO M 1 ^ 


co oo co co ao 

st LO •'st 1 ^ LD 


CD O ^ CM CO 
lO 00 ^ CO [> lO 
rH <—I H i—If—< i—< 


b CO H CO O 
CO LO lO LO 


CO CM 00 CO CO 
LO LO ^ LO 

rH i—I i—I rH i t 


CO ^ ^ a0 00 co 

LO 00 ^ ^ LD ^ 


o 

b 


b 

b 


CO 

00 


CM 

00 


CM 

b 


b 

lO 


CD 

CO 


CM 

CM 


ID 


CO CM M* H OO 
st LD ^ LO ^ 


CO ^ CM CD CO 

lo lo lo ^ lo 


M 1 O lO 00 CD CO 
CO t> LTJ LO CO CO 


^ O LO CO CO 
^ ^ "Cf 


CO CM (D vC CO 
^ CO ^ LO CO 


CO LO CO CM O CD 
CO 03 CO CO CO CD 


rH b CO CO CM 
st LO ^ LO 


vO tO LO 00 to 
st CO lO lO CO 


^ CM O lO CM LO 
CO lO b CO b X) 


00 CO G rH b 
M 1 ID lO 


CM LO CM CO ^ 
lO ^ LO CO CO 


LO 00 CM 00 LO CM 
CO LO CO CO CO b 


[> CD CD 00 CO 

'M 1 ^ct 1 'M 1 ^ lO 

rH rH rH rH rH 


o^oo^ 

LO CO LO CO CO 


CO O O CO 00 o 
CO CO GO b CO b 


O CD CO CO ^ 
LO ^ LO LO LO 


LO LO CO ^ CM 
in iD LO CO co 


CO CM 00 M 1 00 CO 

CO CO O LCD CO cO 


ID 


co 

lD 


i D 


CM 

LD 


CO h 00 O) O 
i—I i —\ i—I rH CM 


rH CM CO ^ LO 
CM CM CM CM CM 


CO b 00 CD O f-H 
CM CM CM CM CO CO 


284 






EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


$ 

0 > 

rH 

u 


1 

UJ 

5 

183 

190 

179 

192 

173 

176 

• 

• 

* Uf) H 

♦ t>- O 

• H H 

174 

180 

171 

184 

177 

c» r» w w c-t 

N fS» ^ N 

U rA U r* r-l 

H 00 H CO CM 

c* 0 s * o c* 

r-4 r~4 r~4 r-4 

172 

174 

170 

168 

167 

164 

iO 

C** 

rH 


J TIM 


a 

k 

189 

180 

188 

193 

172 

192 

• 

• 

• 

180 

177 

183 

178 

180 

173 

172 

H ^ <0 

00 00 O 0 s - 

r-4 r-4 r~i r-4 r-4 

175 

176 
190 
176 
174 

170 

171 
162 
166 
163 
163 

r* 

rH 


4U 

< 

UJ 

2 


,VM. . 
<p 

V 

RJ 

182 

183 
206 

184 
172 

184 

4 

• 

• . 

175 

164 

179 
182 

162 

184 

180 

176 

167 

176 

178 

184 

175 

170 

175 

174 

174 

169 

150 

162 

176 

164 

167 

176 


z 

< 

o 


CM 

<M 

CM 

(VI 

189 

195 

216 

198 

184 

187 

4 

• 

« 

184 

186 

180 

184 

161 

186 

177 

179 

184 

184 

178 

156 

173 
179 
176 
169 

174 

171 

165 

166 
174 
166 
167 

179 


cc 

UJ 

2 


CM 

1 

O 

190 

218 

216 

170 

192 

191 

• 

* 

• 

186 

184 

179 

186 

162 

182 

181 

167 

172 

176 

170 

183 

180 

171 

177 

163 

174 

174 

167 

176 

176 

174 

167 

179 

D 

U 

h- 

< 

h- 

CO 

UJ 

w 

l\l 

o 

CM 

1 

0 ) 

192 

205 

193 
216 

206 

193 

• 

* 

• 

177 

196 

181 

200 

174 

184 

180 

180 

188 

178 

170 

180 

180 

170 

174 

175 
173 

173 

167 

166 

180 

170 

166 

182 

O 

D 

Z 

£ 

o 

lO 

r- 

Cxj 

:d 

a: 

h 

0 ) 

1 

00 

196 

246 

190 

200 

195 

193 

• 

« 

• 

182 

207 

180 

194 

176 

180 

200 

180 

190 

187 

176 

183 

185 

176 

177 
180 

177 

174 
150 
170 
170 

175 
174 

185 

(0 

< 

O 

Ul 

h- 

z 

o 

h- 

7-18 

202 

236 

187 

232 

198 

187 

• 

* 

• 

183 

175 

189 

205 

174 

176 

196 

186 

189 
188 

190 

220 

206 

180 

194 

191 

181 

183 

205 

185 

181 

181 

175 

192 

H 

CL 

UJ 

O 

< 

O 

D 

o 

UJ 

cr 

r- 

1 

CO 

205 

228 

204 

256 

195 

198 

« 

• 

• 

203 

194 

194 

160 

179 

184 

206 

185 

200 

204 

202 

214 

195 

184 

215 

202 

186 

196 

216 

174 

191 

183 

179 

198 

A 

u 

CO 

< 

o 

i 

(0 

1 

tO 

209 

222 

226 

320 

184 

199 

* 

# 

• 

081 

96T 

196 

210 

196 

194 

225 

210 

197 

216 

220 

206 

204 

227 

197 

201 

183 

201 

214 

190 

181 

196 

186 

206 

POSITIVE 

cr 

D 

O 

2.41 

tO 

1 

| 

214 

212 

210 

225 

186 

190 

# 

• 

♦ 

♦ ^ o 

♦ O J) 

♦ rH rH 

200 

214 

213 

205 

231 

222 

202 

206 

2 1C 

196 

205 

230 

190 

210 

199 

197 

222 

193 
190 

194 

189 

204 

X 

u 

z 

KMS_ 

1 

ro 

188 

218 

186 

203 

190 

o 

00 

rH 

• 

* 

• 

164 

192 

190 

228 

206 

212 

190 

214 

205 

187 

194 

216 

184 

204 

184 

192 

194 

182 

196 

184 

190 

184 

1 192 

96T 

CO 

Id 

3 

OF C 

z 

X 

2 

1 

CM 

180 

214 

160 

195 

181 

180 

• 

• 

• 

166 

170 

i 

177 

202 

186 

180 

184 

176 

173 

166 

166 

210 

164 

188 

146 

173 

182 

164 

220 

176 

165 

164 

166 

178 

< 

> 

1 

CO 

O 

O 

h- 

O 

z 

LJ 

CM 

146 

168 

131 

214 

154 

09T 

* 

• 

• 

160 

158 

168 

155 

156 

176 

166 

157 

155 

150 

140 

130 

154 

166 

141 

176 

162 

155 

160 

165 

143 

163 

157 

158 

1 

CO 

h 

_J 

cr 

u 

CL 

_J 

CxJ 

1 

O 

142 

115 

120 

132 

143 

145 

+ 

• 

• 

146 

143 

143 

137 

149 

154 

136 

172 

130 

126 

124 

90 

00 ^ H 4 O o 

CO CO -O ^ '-0 

rH rH rH rH rH 

146 

114 

156 

154 

158 

152 

-O 

rH 

O 

> 

u 

> 

CO 

CO 

HH 

1 

"5 

PH 

LJ 

o 

o> 

DO CO [O O CM 

^ CM CM O 

H i—1 r( H H 

144 

• 

• 

• 

143 

146 

138 

144 

153 

140 

133 

134 

139 

134 

122 

100 

142 

140 

132 

143 

142 

149 

162 

140 

146 

146 

139 

CO 

rH 

THS OF Ml 

LJ 

o 

o 

D 

z 

O) 

i 

00 

140 

155 

145 

140 

147 

158 

• 

• 

160 

151 

145 

156 

144 

135 

134 

cd o] ^ -o ^ 
m to -3* co 

rH rH rH i—4 '■—1 

138 

147 

147 

145 

156 

160 

150 

160 

154 

144 

136' 

147 

CO 

cr 

o 

Q 

oo 

i 

r- 

152 

172 

166 

160 

156 

178 


172 

154 

155 

167 

146 

160 

147 

172 

164 

152 

160 

165 

158 

166 

164 

152 

158 

167 

182 

150 

160 

157 

145 

161 

z 

LJ 

h- 

L 

CO 

u 

L~» 

9 

r- 

l 

CO 

Or-i OCMO 

00 00 JO O i-O 

H rH rH rH rH 

176 

4 

4 

• 

176 

147 

160 

171 

154 

176 

155 

175 

176 
164 

175 

170 

166 

174 

164 

154 

164 

158 

190 

154 

151 

158 

144 

166 

EXPRESSED IN 

IS ARE AVERAG 

LxJ 

H 

z 

<o 

i 

iO 

190 

180 

186 

170 

147 

173 

4 

• 

# 

• O lO 

• O CO 

• rH i—< 

170 
174 

171 

198 

160 

174 

177 

160 

172 

165 

165 

176 

170 

164 

167 

168 

174 

162 

160 

164 

160 

170 

LJ 

z 

o 

CL 

«o 

1 

— r 

183 

197 

181 

176 

158 

170 

4 

• 

• 

176 

165 

166 

176 

176 

200 

173 

169 

174 

160 

166 

158 

166 

187 

167 

167 

173 

J 

171 

159 

168 

160 

lbl 

162 

171 

o 

o 

M- 

l 

n 

198 

175 

176 

181 

163 

170 

4 

4 

4 

177 

166 

176 

170 

176 

188 

172 

166 

174 

166 

170 

165 

164 

192 

16 y 

169 

173 

170 

154 

177 

165 

166 

155 

CM 

O 

rH 


D 

_J 

< 

> 


n 

i 

CM 

160 

169 

173 

183 

161 

174 

• 

4 

• 

170 

167 

179 

177 

174 

206 

178 

173 

174 

172 

176 

154 

166 

170 

166 

173 

174 

170 

160 

175 

170 

157 

165 

171 


cr 

< 


CM 

1 

205 

170 

170 

180 

167 

167 

4 

4 

4 

... 1 

182 

167 

^ rH o LO CO 

00 CO O CM 3) 

rH H rH CM rH 

175 

177 

177 

170 

183 

164 

187 

174 

171 

176 

174 

164 

187 

175 

164 

161 

177 


D 

CD 

< 

M 1" 


1 

O 

212 

175 

158 

176 

182 

135 

4 

4 

4 

• lO o 

• 00 O 

• rH rH 

171 

179 

169 

230 

187 

177 

174 

181 

173 

178 

167 

175 

175 

175 

174 

174 

166 

186 

154 

164 

157 

iO 

o 

rH 

MAY 194 
(the 

DAY 

rH CM CO to 

CO 

O 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

C0 O CO ( 7 > O rH 
CM CM CM CM O CO 

MEANS 


285 












EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 




z 


< 


g 


cr 


Ld 


5 

D 


Id 

b 

h- 

CO 

< 

Ld 

O 

$ 

Q 

Z 

O 

vO 


b 

AS 

a 

u 

h- 

b 

< 

0. 

Ld 

o 

O 

o 

X 

z 

u 

— 


CO 


< 

C*3 

CC 

> 

D 

1—4 

Eh 

< 

o 

I 

O 


w 

Ld 

Z 

z 


o 

co 

Lu 

Id 

o 

D 



CO 

< 

a 

> 

o 

1 

CC 

CO 

u 

b 

CL 

_J 


o 

Ld 

> 

> 


CO 

_J 

CO 


Ld 

O 

U. 

O 

o 

D 

CO 

CO 


I 

cr 

h- 

o 

z 

Ll 

Ld 


b 

<0 


Ld 

z 

O 


< 

Q 

Ld 

CO 

CC 

Ld 

> 

< 

CO 


Ld 

o: 

CL 

X 

ARE 

Id 

cO 


Ld 


D 


_J 


< 


> 


CM 

m 


Cd 

z 


cc 

< 

_j 

3 

CD 

< 

h- 

Ld 

I 

H 


Z 


CC 

£-• 


Z 

o 

h* 

u 

id 

CC 

Q 


iQ 

CD 

• 

CM 


c r) 
5 

s: 

z 

i 

h- 

o 

z 

Ld 


Z 

h—4 

I 

c n 

HH 

Ld 

z 

-J 


Q 

°a 

in 

cc 

o 


O 

CL 

o 

o 


* 

id 

S 

b 

<0 

sc* 

N 

C“ 

e 

c0 

p 

CM 

a 

CO 

O 

R 

8 

CM 

<q 

4-4 

CO 

8 

• ♦ 

4 4 

55 

3 3 

4 

0 


O 

b 

cS §5 §8 3 

£ 

JL 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

4-4 

rH 

4 

rH 

rH 

rH 

r-4 

r-4 

rH 

r-4 

4-4 

H 

rH 

i 

2* 

!2 

O 

b 

o 

O 





g 

rH 

CO 

CM 

cd 

4 * 

id 

rH 


4 


b 


cn 

id 

rH 

** 

oo 


b 

b 

CO 

b 

id 

00 

C^* 

00 

00 

00 

b 


CO 

to 

co 

CO 

* * 


id 


4 

cd 

LO 

b 

cd 

cd 

05 

b 

cd 

05 

CD 

K) 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

4 • 

rH 

rH 

h4 

4 

rH 

rH 

rH 

rH 

rH 

rH 

4-4 

r-4 

rH 

r-4 

(*) 

y 

to 

b 

o 

CO 

CM 


CM 

00 

CO 

CO 

00 

CM 

b 

o 


4 • 

cd 


O 

4 

CM 

05 

CM 

rH 

lQ 

O 

*d 

CM 

O 

rH 

b 

<d 

b 

b 

CO 

c^- 

00 

lb 

00 

b 

LQ 

b 

lO 

b 

CO 

• 4 



CO 

• 

CO 

cd 

00 

b 

GO 

05 

GO 

00 

00 

b 

Rl 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• • 

rH 

rH 

rH 

0 

4—4 

rH 

rH 

rH 

rH 

rH 

4—4 

4-4 

rH 

rH 

(\J 

(VI 

1 

O 

rH 

b 

O 

CO 

o 


0) 

CM 

CO 

CO 

O 


CO 

CM 

4 * 

CM 

G? 


0 

CM 

cd 

00 

Cd 

lQ 

cd 

O 

CM 

CO 

CO 

00 

b 

<q 

b 

00 

[> 

CO 

b 

00 

CO 

CO 

00 

CO 

CO 

b 

• • 

lQ 

LQ 

CO 

4 

cd 

00 

00 

b 

00 

00 

o 

rH 

05 

b 

(\j 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

H 

rH 

rH 

« • 

rH 

rH 

rH 

4 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

CM 

CO 

O 

o 


O 

CM 

o 


CO 

lO 

o 

b 

rH 

b 

LQ 

« * 


b 

O 

• 



cd 

O 

b 



00 

rH 

CO 

1 

b 

b 

b 

oo 

00 

D- 

00 

N 

00 

b 

b 

LQ 

CO 

lQ 

CO 

• • 

cd 


CO 

* 

CO 

05 

05 

b 

00 

cd 

rH 

O 

05 

b 

O 

fVI 

rH 

rH 

rH 

rH 

rH 

4—1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• » 

rH 

rH 

rH 


rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

O 

CM 

i 

co 


CM 

b 


o> 

05 

O 

LQ 

CO 

CO 

CO 

o 

o 


* 4 

05 


lQ 

• 


cd 

O 

CO 

lQ 


O 

b 

CQ 

lQ 

b 

b 

b 

b 

00 

cO 

r* 

00 

00 

CO 

b 

CO 

00 

CO 

LQ 

• • 

LQ 


CO 

• 

CO 

00 

05 

b 

00 

GO 

o 

05 

05 

b 

i 

9 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

* * 

rH 

rH 

rH 

* 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

9 

LQ 

CO 

rH 


o 

05 

o 


O 

lQ 

CO 

CM 

co 

05 

CO 

* • 

b 

CO 

LQ 

4 

CM 


cd 

O 

CO 

<o 

b 


H 4 

CO 

i 

b 

b 

b 

00 

05 

CO 

00 

00 

05 

b 

oo 

CO 

co 

LQ 

CO 

• • 

LQ 

CO 

CO 


b 

00 

00 

b 

00 

00 

05 

o 

b 

b 

<0 

4-1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

4 * 

rH 

rH 

rH 


rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

00 

cO 

CO 


CO 

b 


o 

b 

O 

rH 

CM 

iQ 

o 

cO 

05 

4 4 



O 

i 

O 

cd 

00 

H 

05 

CO 

O 

00 

CM 

O 

1 

b 

b 

CD 

b 

00 

O 

00 

00 

o 

00 

00 

CO 

b 

co 

CO 

• • 

cd 

H 4 

b 

• 

00 

b 

00 

00 

b 

05 

o 

05 

rH 

CD 

b 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

f—1 

rH 

rH 

• • 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

b 

CO 

CM 


rH 

CM 


CO 

o 

00 

o 

rH 

O 

CO 

o 

CO 

4 • 

CM 

CO 

LQ 

4 

05 

00 

o 

O 

05 

CQ 

O 

CO 

00 


i 

CD 

CD 

00 

00 

05 

00 

00 

o 

o 

00 

b 

b 

CO 

00 

00 

• • 

b 

lQ 

b 

• 

b 

00 

00 

05 

b 

rH 

rH 

05 

05 

00 

i 

co 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

4 * 

rH 

rH 

rH 

4 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

<0 


CM 

00 

CM 

O 

CO 

o 


rH 


CO 

CO 

o 


CM 

4 4 

b 

O 

O 

4 

LQ 


CQ 

O 

00 

lQ 

O 


00 

o 

i 

O) 

05 

00 

05 

05 

05 

05 

o 

o 

00 

05 

b 

CM 

00 

05 

• • 

CO 

LQ 

00 


b 

00 

00 

O) 

00 

CM 

O 

o 

05 

05 

iO 

r-l 

rH 

1—I 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

• • 

rH 

rH 

4—1 * 

0 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

9 

CM 

CM 

o 

CO 


o 

lQ 

O 

CO 

CO 

CO 

CM 

O 

CM 


• * 

CO 

o 


* 

cO 

b 

o 


b 

O 

LQ 

rH 

o 

rH 

i 

O 

05 

05 

05 

o 

05 

05 

05 

00 

00 

CM 

00 

O 

05 

05 

• • 

CO 

CO 

b 

• 

b 

00 

05 

05 

05 

rH 

O 

rH 

O 

05 


CM 

rH 

rH 

i—1 

1 —1 

rH 

rH 

rH 

1—1 

1—1 

CM 

rH 

CM 

i—1 

rH 

• * 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

rH 


LQ 

O 

CM 



00 

l0 

O 

00 

CO 

LQ 

CO 

CM 

00 

LQ 

4 4 

CM 



• 

CM 

00 

CM 

rH 

CQ 

O 

CO 

CM 

00 

b 

i 

00 

05 

O 

00 

CO 

C^ 

00 

00 

lb 

00 

05 

05 

b 

00 

00 


lQ 

00 

CO 

• 

b 

05 

00 

05 

O 

05 

O 

CM 

rH 

00 

g 

i—1 

rH 

CM 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

* • 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

CM 

rH 

g 

LQ 

o 

CO 


00 

o 

LQ 

o 

o 

05 

CM 


o 

LQ 

CM 

4 • 

b 

o 

o 

• 

CO 

O 

CQ 

CO 

CM 

LQ 

O 

CQ 

LQ 

00 

i 

b 

b 

b 

CO 

LQ 

o 

O 

tb 

00 

00 

rH 

00 

00 

CO 

CO 

• • 


CM 

LQ 

• 

CO 

00 

00 

b 

05 

b 

00 

05 

O 

b 

CM 

rH 

i—4 

i—i 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

1—l 

rH 

• • 

I—1 

CM 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

i —l 

CM 

CM 

o 

CO 

o 

CO 

hM 4 


CO 

O 

LQ 

00 

o 

CM 

O 

CO 

• • 

CM 

CO 

CO 


o 

00 

00 

CM 

O 

00 

O 

co 


05 

— 

lq 

CO 

CD 

LQ 

LQ 

CO 

CO 

CO 

00 

05 

O 

b 

00 

CO 





LQ 

• 

CO 

LQ 

b 

00 

05 

b 

05 

CO 

00 

CO 

1 

i —c 

rH 

rH 

rH 

rH 

i—1 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

• • 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1 —1 

rH 

_ 

b 


CM 

05 

CD 

o 


00 

00 

b 

CO 

LQ 

LQ 

CO 

o 

* • 

o 

O 

rH 

• 

00 

O 

o 

05 

CM 

cd 

CM 

O 

b 

o 


co 

H 4 




CO 

LQ 

lb 

lb 

00 

CO 

LO 

CO 

lO 

LQ 

• • 

CO 

CO 


• 


LQ 

CO 

b 

b 

00 

O 

00 

o 

CO 

1 

O 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

I—1 

i—1 

• • 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

i—1 

o 

o 

05 

O 

CO 

'M 4 

CO 

CO 

o 

CO 

o 

o 

CO 

oo 

LQ 

CM 

* • 

CM 

00 


• 

LQ 

CM 

b 


CO 

b 

O 

CO 

CM 




CO 

00 

CO 

LQ 

CO 

CO 

05 

lb 

00 

05 

CO 

LO 




CO 

00 

CO 

• 

LO 

CO 

co 

CO 

b 

CO 

b 

b 

05 

CO 

0) 

rH 

rH 

rH 

rH 

rH 

rH 

i—1 

i—1 

rH 

rH 

rH 

rH 

f—1 

i —1 

rH 

* • 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i—1 

o> 

o 

b 

O 

o 

LQ 

o 


CM 

CM 

CQ 

CO 

00 

CM 

CO 

CO 

4 • 

CO 

CM 

CO 

• 

LO 

CM 

O 

00 

CO 

CQ 

b 

CO 

CO 

05 

LQ 


LQ 

b 

LO 

o 

CO 

lb 

lb 

CO 

b 




H 4 

• • 

CM 

CO 

CO 

• 

LQ 

b 

CO 


b 

b 

00 

b 

CO 

LQ 

QO 

rH 

rH 

rH 

rH 

rH 

rH 

i—4 

rH 

rH 

rH 

1—l 

rH 

rH 

1—1 

i—1 

• • 

rH 

rH 

rH 

• 

rH 

tH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

oo 

O 

LQ 

H 4 

05 

LQ • 

'M 4 

CO 


CO 

rH 


CO 

O 

lQ 

CM 

• • 

CM 

CO 

00 

• 

LQ 

O 

CQ 

CO 

O 

b 

b 

LQ 

CM 

lO 


lQ 

CO 

co 

CO 

O 

CO 

CO 

CO 

CO 

CO 

LQ 

CO 

CO 


• • 

CM 


CO 

• 

LQ 

CO 

lQ 

lO 

b 

LQ 

00 

b 

CO 

LQ 

i 

b 

rH 

rH 

rH 

rH 

1 —f 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• • 

rH 

rH 

1 —1 

• 

rH 

r-4 

rH 

rH 

rH 

1—1 

rH 

rH 

i —l 

1—< 

K. 

CO 

CD 

LQ 

CO 

H 4 

CO 

CO 

O 

00 

CO 

b 

CM 

CO 

O 

CM 

* 

00 


o 

• 

cO 

00 

b 


CM 

b 

o 

05 


CQ 

P* 

1 

CO 

LQ 

H 4 

CO 

b 

O 

CO 

lQ 

LQ 

LO 


H 4 

CO 

CO 


• • 

CM 



• 

H 4 




b 

co 

00 

CO 

CO 

iQ 

I 

CO 

1 —1 

rH 

rH 

rH 

i—1 

i—< 

rH 

rH 

rH 

rH 

rH 

i—l 

rH 

1 —1 

i—1 

• • 

i—l 

rH 

rH 

• 

rH 

rH 

i —1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

CO 

CM 

00 

H 4 

CO 

CM 

CO 

rH 

CM 

i—l 

LQ 

CO 

CO 

co 

CO 

• • 

rH 

CO 

CO 

• 

o 

CM 


CQ 

CQ 

b 

o 

CO 

CM 

CM 

lQ 

CO 

CO 

CO 

o 

O 

o 

lb 

lb 

b 

LQ 

co 

H 4 

LQ 

LQ 

• 

H 4 

H 4 

LQ 


CO 

CO 

lO 

lO 

b 

b 

b 

b 

b 

CO 

1 

iO 

rH 

rH 

rH 

rH 

rH 

(—1 

rH 

rH 

rH 

rH 

i —4 

rH 

rH 

i—l 

i—1 

• • 

i —1 

rH 

1—l 

• 

1 —l 

i—l 

rH 

rH 

rH 

i—1 

rH 

rH 

rH 

rH 

lO 

cO 

o 

CO 

o 

CO 

LQ 

00 

lQ 

'M 4 

CO 

b 

CO 

CO 

05 

CM 

• • 

CO 


CO 

• 



CM 

05 

CQ 

CO 

CQ 

CQ 

CO 

v? 

LQ 

CO 

LQ 

CO 

O 

CO 

O 

lb 

lb 

b 

H 4 

LQ 

LQ 

lO 

CO 

• • 

CO 

H 4 

LO 

• 

CO 

CO 

CO 

LQ 

b 

b 

b 

00 

b 

CO 

1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

1 —1 

rH 

rH 

* • 

rH 

1—1 

rH 

• 

rH 

rH 

rH 

rH 

rH 

i—l 

rH 

rH 

rH 

rH 


rH 

o 

CM 

H 4 

m 

CM 

o 

00 

CO 

b 

rH 

H 4 

CM 

o 

05 

4 • 


CO 

CO 

• 

LQ 

o 

rH 

00 

CO 

lO 

o 


CQ 



CO 

CO 

CO 

CO 

o 

CO 

F- 

(b 

lb 

b 


CO 

co 

CO 

LO 

• • 



CO 


CO 

CO 

CO 

lO 

b 

b 

b 

b 

00 

CO 

1 

CO 

rH 

rH 

rH 

rH 

i —^ 

rH 

i—< 

rH 

rH 

rH 

rH 

rH 

rH 

i—l 

rH 

• • 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

C0 

CD 

H 4 



o 

^t 4 

CO 

CO 

lb 

CO 

CM 

H 4 

LQ 

b 

b 

• 

b 

o 

LQ 

• 

o 

CO 

00 

o 

CO 

CQ 

CM 

iQ 

CO 

b 

LQ 

CO 

CO 

CO 

00 

CO 

00 

b 

tb 

b 

b 

b 

CO 

CO 

LQ 

• • 

H 4 




CO 

CO 

LQ 

CO 

b 

00 

00 

cd 

00 

CO 

1 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• • 

rH 

rH 

1—l 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

lQ 

o 

O 

00 

00 

LQ 

o 

C<^ 

o 

00 

CO 

00 

CO 

CO 

O 

• • 

o 

O 


• 

CO 

CM 

LQ 

rH 

CQ 

o 

o 

b 

CQ 

CO 

cO 

CO 

CO 

co 

CO 

O 

00 

lb 

00 

b 

CO 

LQ 

CO 

LQ 

LQ 

• • 


LQ 


• 

LQ 

CO 

lO 

CO 

b 

00 

05 

b 

05 

CO 

1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• • 

rH 

1—1 

rH 

• 

rH 

rH 

rH 

rH 

rH 

i—1 

rH 

f— l 

rH 

rH 



to 

CM 


o 

'M 4 

o 

CM 

to 

O 

CM 


CM 

b 

CO 

• - • 

o 

CM 

00 

• 

CQ 

CO 

CQ 

O 

CQ 

rH 

b 

00 


o 


CO 

b 

CO 

b 

o 

00 

00 

00 

CD 

00 

00 

LQ 

LQ 


lQ 

• • 

Kt 4 


LQ 

• 

CO 

CO 

CO 

b 

00 

GO 

OO 

00 

05 

b 

1 

O 

rH 

rH 

i—1 

t —1 

rH 

rH 

rH 

rH 

rH 

1 —1 

rH 

rH 

rH 

rH 

rH 

• • 

1—l 

rH 

rH 

• 

rH 

rH 

rH 

rH 

r—l 

rH 

1 — l 

rH 

rH 

1—l 

>: 

rH 

CM 

CO 


lQ 

CO 

lb 

00 

05 

o 

rH 

CM 

CO 


lO CO b 

00 

05 

O 

rH 

CM 

CQ 


LQ 

CO 

b 

00 

05 

O 

If) 

z 

< 

< 

/“s 







rH 

rH 

rH 

rH 

rH 

rH r 

H rH 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CQ 

Ld 


5 


286 










EARXH _ CU RRE:NT potentials at huancayo magnetic observatory 


9 ^ 

o> * 7 > 

* i 

w r 


2 

< 

Id 

2 

z 

< 


cr 

bJ 

5 

b 

cn 

Ui 

$ 



z 

CM 

CM 


CO 

CO 

CM 

CM 

rH 

CM 

a> 

H 

CD 

CD 

o 


• 


$ 

o 

rH 

• 00 



CO 

CO 

s 

CO 

CO 

<0 

CO 

CO 

CO 

10 

CO 

LO 

LO 

CO 

lO 

* 


UD 

CO 

LO 

• 


UI 

5 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 



rH 

rH 

rH 

• rH 



CD 

eo 

lO 

CO 

CD 

O 

O 

UD 

LO 

if 

O 

LO 

CM 

CD 

CO 

f 


CO 

O 

CM 

• oo 


CVI 

CO 

CO 

CO 

LO 

CO 

CO 

b 

CO 

CO 

CO 

CM 

LO 

CO 

to 

CO 

• 


UD 

CO 

CO 

• if 


h 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

• rH 


VI. 


lO 

LO 

CO 

LO 

CO 

CO 

CO 

CQ 

CM 

CO 

O 

CO 

CO 

if 

• 


if 

CD 

CO 

• 00 


01 

o 

CO 

CO 

CO 

LO 

CO 

CO 

CO 

CO 

b 

If 

b 

LO 

b 

CO 

• 


LO 

if 

U 3 

• if 



rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 


rH 

rH 

rH 

• rH 


DM— 

CM 


00 

LO 

CM 

O 

CM 

CD 

CO 

CO 

00 

CM 

CM 

UD 

O 

o 

• 


CD 

O 

CD 

• CD 


cvi 

b 

CO 

CO 

CO 

CO 

CO 

<f 

CO 

CO 

UD 

U) 

00 

CO 

b 

b 

• 


UD 

b 

UD 

• if 


J- 

(V| 

rH 

i—1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i —1 

i—1 

i—1 

rH 

rH 

rH 



r—1 

rH 

rH 

• rH 



CM 

b 

00 

to 

CO 

if 

O 

if 

b 

CO 

b 

if 

CO 

CO 

if 



if 

b 

UD 

• rH 


CM 

b 

CO 

CO 

00 

t> 

CO 

CO 

CO 

CO 

CO 

LO 

1/3 

CO 

CO 

CO 



b 

UD 

LO 

• LO 


o 

(\l 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r—1 

rH 

rH 

rH 



rH 

i —1 

rH 

• rH 


O 

CO 

o 

CD 

LO 

o 

CM 

CO 

CO 

b 

o 

CO 

CD 

CO 

UD 

if 



CO 

if 

O 

• CO 

w 

CVI 

o 

o 

CO 

o 

00 

CO 

CO 

CO 

CO 

UD 

CO 

CO 

00 

CO 

1 X 3 



CO 

if 

CO 

• UD 

£x 3 

1 

0) 

rH 

rH 

i—1 

rH 

rH 

i—1 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 



rH 

rH 

rH 

• rH 

D 

cc 

0) 

rH 

O 

|> 

DO 

CM 

O 

O 

b 

CO 

if 

CD 

CO 

CO 

CO 

if 



o 

CO 

CO 

• rH 

b 


o 

b 

CO 

ao 

00 

CO 

b 

CO 

b 

CO 

b 

CO 

b 

CO 

CO 



CO 

if 

1 X 3 

• CO 


1 

00 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

rH 

rH 



rH 

rH 

r—1 

* rH 

Z 

00 

i—1 

00 

O 

CO 

CD 

CO 

00 

CO 

00 

O 

if 

CO 

O 

o 

CO 



LO 

if 

CM 

• UD 

Q 


b 

CO 

00 

o 

b 

CO 

CO 

b 

b 

b 

b 

CO 

b 

b 

CO 



LTD 

LO 

UD 

• CO 

b 

1 

r- 

rH 

rH 

rH 

i—1 

rH 

rH 

rH 

rH 

rH 

i—1 

rH 

1—1 

rH 

rH 

rH 



rH 

rH 

rH 

• 1—1 

0 
i. i 

p- 

O 


O 

if 

rH 

CO 

i—1 

If 

it 

00 

CO 

if 

00 

if 

CO 



CO 

CO 

00 

• If 

UJ 


00 

o 

00 

o 

00 

b 

b 

00 

00 

CO 

CO 

b 

LO 

ao 

00 



if 

CO 

CO 

• cO 

cr 

o 

i 

(O 

rH 

rH 

i—1 

rH 

1—1 

rH 

rH 

f —4 

rH 

rH 

1—1 

rH 

rH 

rH 

rH 


_ 

i—1 

rH 

r—1 

• rH 


U) U) U) U) U) 


UD 


O O <0 b UD 

CO <D to (M U) 


D 

bJ 

b 

< 

O 


5 ° 
z in 


O CM rl C^ O 
LO CO UD *f 


$ 


00 CO (M H 00 
tO LO b 00 UD 
rH rH rH * rH rH 


C\] it H CO O 
CO LO CD CO CO 


(M CD ^ CO 00 
CO LO b CO LO 


CD 


U 3 


CD CO H CO CO 

lo to b b if 


(f) 

< 

b 

CL 

Ld 

O 

X 

u 


oo 

o 

Cl. 


if) 

Ld 

D 

_J 

< 

> 


if) 

b 


D 

bJ 

b 

< 

O 

D 

Z 

</) 

< 

cr 

D 

O 

X 

u 

z 

o 


if) 

Q 

O 

cr 

lj 

CL 


CM H o !M o 
lO o- o CO CD 


CO 00 00 O it 
LO b b CO CO 



cO 

UD 

if 

00 

UD 

CM 

00 

CD 

rH 

CD 

CM ' 



CD 

00 

00 

00 

CO 

00 

b 

CD 

00 

b ( 

r—1 

tO 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

rH 

rH 

rH r 

if 

iQ 

if 

b 

CO 

CM 

CO 

UD 

CO 

CO 

CD 

O ( 

CM 


O 

00 

00 

CD 

CO 

00 

CO 

ao 

b 

b 



CM 

rH 

1—1 

i—1 

1—1 

rH 

rH 

rH 

rH 

r—1 

if) 


rH 

if 

00 

lO 

o 

if 

if 

CO 

CO 

CM < 



00 

00 

CD 

b 

CO 

b 

b 

CO 

CO 

b < 

* 

1 

n 

rH 

rH 

rH 

r—1 

rH 

rH 

rH 

rH 

r—1 

rH i 

Z 

n 

CM 

<M 

b 

if 

UD 

i—1 

o 

if 

o 

CO 



b 

CO 

CO 

LO 

UD 

CO 

CO 

UD 

CO 

CO 

X 

i 

CVJ 

r—1 

i—i 

rH 

rH 

rH 

rH 

i—1 

rH 

rH 

r—1 

b 

O 

CVJ 

UD 

CM 

•M 

CD 

o 

b 

CO 

CD 

if 

b 

z 


if 

tO 

b 

to 

If 

if 

if 

If 

LO 

CO 

Ld 

.J 

1 

rH 

i—1 

r—1 

rH 

f—1 

i—1 

rH 

rH 

rH 

i—l 



CO 

CM 

CO 

CM 

CD 

CD 

O 

O 

CO 

LO 


— 

CM 

CO 

CO 

DO 

CO 

if 

CO 

UD 

if 

U 3 

w 

1—1 

1 

o 

rH 

r—1 

rH 

r—1 

rH 

i—1 

1—1 

rH 

rH 

1—1 

t 

o 

(D 

'M 

if 

LO 

CO 

CM 

(M 

CO 

CD 

LO 

►—t 


CM 

CO 

CO 

if 

to 

if 

CO 

LO 

if 

if 


1 

rH 

i—1 

rH 

rH 

r—1 

i—1 

rH 

rH 

1—1 

rH 

Ld 

0 ) 











z 


CM 

CD 

It 1 

ao 

if 

b 

if 

CM 

!£ 

CO 

_J 

U) 

if 

to 

It 

if 

if 

if 

if 

if 

If 

CO 


1 

i—1 

rH 

rH 

rH 

rH 

rH 

r—1 

r—1 

rH 

1—1 


00 












CO if 00 LO b 

CD b CM 00 00 

H CM I—I rH 


<M O CO 
b co b 


CO co CD no 
co CO lO co 


LO CM CO CD b 
cQ CD CO CO LO 


00 LO 03 if CD 

rH 00 O CD 00 

CM H <M H H 


O O O 
00 b b 


CM O if cvj 
CO 00 CO b 


if LO CD CD O 
o o co co CO 


<Q uD CO if CO 
CD CD b CD b 


b U 3 rH 
CO CD co 


CO co rH LO 
LO 00 CO CO 


o co rH O lO 
b lo b cd o 


if cd co co b 

O o o lo LO 

CO rH r-H rH rH 


co O LO 
li) it ’'t 
H CM H 


CD O 00 it 
if CO LO it 


LO (M ^ 00 (M 
CO if CO LO CO 


CO 


O bJ 
> > 

-J CO 

-J CO 

^ U 

u. ^ 

O D 


(0 

cr 

o 

b. 

tf) 

bJ 

O 

< 

CC 

bJ 

< 

bJ 

cr 

< 

if) 

lj 

D 

< 

> 

cr 

< 

-j 

D 

CD 

< 

b 

bJ 

X 

b 


CO 

X 

b 

z 

Ld 


Q 

Ld 

CO 

if) 

bJ 

cr 

CL 

X 

Ld 


a 

cc 

< 

b 
(0 
* L 

Lx] 


cm 

if 


oo 


03 GO 00 LO C3 
CD UD b if if 


o o b 

LO icC 


00 rH b CD 
CQ if if U3 


LO CO if co 00 
LO it lo h CO 


CD if CD O if 
^ W (M it CO 


(M it LO U) (D 

b it if CO CO 


CO CO b 
CO OO CO 


O 00 00 CO 
to CM CO It 


lO CO it CO 00 
CO if CO CO CO 


rH it Lfj 

if cd co 


to o CO o 

CM If C^O CO 


CO o O CO UD 
tO CM CO CO if 


00 o CO CM LO 
LO if C M CO CO 

I —I i—I i—If—I rH 


CD O If 
CM CO CO 


CO CM LO CO 
CO UD cm h 


00 CO co o If 

to to it CO CM 


00 O CD CO CO 

co lo o lg lo 


CO CM CM CO uj 
CO LO if if CO 

r—I rH rH i—I i I 


O It 00 It CQ 
O if 04 CO CO 


If LO CO 
to LJ it 


O CM CO o 
if CO CM CO 


CO 00 if O CO 

CO CM LO CO CM 


■O CO co O LO 
CQ UD if lO CO 


b b CO LO o 
c o LO if If If 


O O if UD b 
if if -CO CO CO 


CQ CM 00 
it LG if 


co lo ao b 
C 0 CO CM H 


O CD O CM rH 

if CO if co co 


CO it lj 3 CQ CD 
LO LO CO LO CO 

»—I i—I i—I »—I f—I 


O if CO If CM 
cO CO lO lO UD 

i— l i—l i—I, i—I i—I 


b co co co o 

to LO CO Lid U J 
rH rH rH I—I i—I 


if CO 00 
LO it 1 LG 


O CO LO CO 

if if CO CM 


rM O O MO lj;) 

if it to iy) to 


CD If b o CO 

uD LG if lit) CO 

i —I (—I r—I r H r I 


L0 LO 04 00 co 
Uj CO 'O LO LO 


O CD CO CO O 
CO LO If CO lo 

rH rH rH r—I r I 


o CO CO 
if if LD 


rH O CO CD 
LO LO if CO 


CO b CM b CD 
if if If if if 


CD CO lO co b 
U3 lO lO lO CO 


CD it CO CD b 
It O O LO LO 
i —I >—I i—I r—I r—I 


CD CQ CQ if if 
CO LO LO CO LO 
rH r—I i—I r—I i I 


i—I if CD 
LO LO CM 


CM CM if CD 

LO if if CO 

rH i—I rH H 


i—I O if b CO 
lO If CO CO if 


if ( j b ICO i—I 
UJ CO LTD LO b 


if «f cQ O CD 
LO O LO- CO LO 


CO co CD CM CM 
co O CO b LO 

r —I I—I (—I i—I 1 I 


CO CO if 
CO if if 


to CD UJ CM 
it lO CO CO 


■—I lO lQ CO c ) 
r O CO lO CO CO 


cM CD O co CO 
<b O LO co co 


o yj it if h 

lO if co u 3 if 


CO 00 CO 

LO LO if 


to (D to co 

lO CO CO CQ 


rH if 00 00 it 

U 3 ao if CM lO 


O CD O if CD 

ao if lo it lj j 


CM O CD CM 
:Q c O if) CO CO 


to O co |> If 
o r- co co o 


CM if if C D co 

r- co if if bo 

i—I i—I r—I rH rH 


rH CO It 
•LO if O 


(.M tO rH it 
LO LO ■ r f if 


CD if <00 rH rH 
CO UD LJO Lf 3 CO 


Cm CO if lO 


fQ l> (X) (D r ) 


CM CO if Li 3 


CO r- ao CD CD rH CM tO if b 3 ^ R} CM S CO 

rH rH rH H CM cM CM CM CM CM CM CM CM C\J 


<30 

CO 


r d 

to 


CD 

it 


CM 

if 


00 

It 


o 

a j 


L 3 
03 


c- 

a 3 


if) 

Z 

< 

bJ 


287 








CO 

CO 

w 

X 

CQ 

< 


> 

cr 

o 

h* 

< 

> 

cr 

UJ 

x 

CD 

O 

U 

h* 

UJ 

Z 

o 

< 

5 

O 

< 

o 

z 

< 

D 

I 

K 

< 

CO 

< 

h- 

Z 

UJ 

h- 

O 

CL 

f- 

Z 

UJ 

cr 

cr 

D 

O 

I 

X 

H 

cr 

< 

u 





z 

CD 

00 

CD 

CD 

CD 

X 

CM 

X 


rH 

CM 

X 

to 

03 



< 

00 

GO 

00 

00 

00 

X 

X 



CO 

r- 

X 

X 




u 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 

rH 

rH 

CD 

rH 

UJ 


2 















5 

i 


& 

CD 

LO 

O 

O 


CO 

X 

X 


X 

X 


X 

_} 

r- 


1 

00 

00 

CD 

CD 

00 

X 

X 

X 


F- 

r- 

r- 

X 

D 



cn 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 

rH 

rH 


Z 

















< 

i.i 


n 

CM 

to 

O 

rH 

r- 

CO 

CO 

O 

X 


X 

X 

X 





1 

CD 

CD 

CD 

00 

X 

X 

X 

O 


X 

X 

X 

X 


z 


Rl 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 

rH 

rH 


z 


CM 

CM 

rH 


CM 



CM 


X 


X 

CM 

X 

X 




1 

CD 

00 

CD 

00 

X 

X 

X 



CO 


X 

X 


a 


CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 

rH 

1—1 


cr 


_ 















UJ 


CM 

CD 

CO 

CO 

CM 

CM 

X 

O 

CM 


X 

l> 

X 

r- 



1 

00 

00 

CD 

00 

CD 

O 

CD 

CD 


o 

X 

X 

X 


z 


O 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


CM 

rH 

H 

r—i 

D 

UJ 

h- 


O 

CM 

o 

rH 

CO 

LO 

CD 


CD 

X 


X 


X 


h- 

in 

2 

1 

CD 

CD 

CD 

00 

CD 

CD 

CD 

X 


X 

X 

X 

X 

< 
i ^ 

UJ 

> 

DxJ 

0) 

rH 

rH 

rH 

rH 

rH 

i —1 

rH 

rH 


rH 

rH 

H 

rH 

Q 

> 

O 

CC 

5 

o 

rH 

o 

00 

l> 

X 

CM 

X 


O 

O 

X 

X 

z 

0 

E-h 

1 

00 

CD 

CD 

00 

CD 

CD 

CD 

X 


O 

X 

X 

X 


UJ 

r- 


CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

rH 

H 

H 

tn 

<< 

Q 

z 

CO 

CD 

O 

CO 

CO 

rH 

X 

X 

X 


X 

CM 

CD 

X 


UJ 

o 

1 

ob 

CD 

00 

CD 

CD 

o 

X 

X 


O 

X 

X 

o 

h- 

H 

1- 


rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 


i—1 

i—1 

H 

H 

OL 

i. i 

<< 

U 

o 

UJ 

r- 

CM 

rH 

CO 

00 


X 

O 

o- 


o 

X 

X 

X 



cr 

i 

rH 

rH 

o 

o 

o 

o 

O 

CD 


o 

X 

X 

o 

u 

Q 


CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 


CM 

1—1 

i—1 

1—1 

X 

Z 

o 















LJ 



CO 

DO 


LO 

CO 

O 


X 

O 


O 

X 

X 



CO 


1 

rH 

CM 

i—1 

rH 

CM 

O 

O 

CD 


X 

t> 

X 

X 


< 

UJ 

UJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

i—1 


i—1 

rH 

H 

1—1 

W 

cr 

00 

• 

UJ 

00 

rH 

CD 

CO 

X 

O 

X 

O 


CM 

CM 

O 

X 

> 

D 

CM 

1 

rH 

CM 

rH 

rH 

rH 

CD 

CD 

rH 


CD 

CD 

X 

X 

►—i 

O 

T 



CM 

CM 

CM 

CM 

CM 

rH 

i—1 

CM 


rH 

i—1 

r—1 

H 

< 

n 


CO 


DO 

O 

i—1 


CM 

CD 

o 



X 

o 

CM 

X 

w 

U 


1 

DO 

i—l 

i—1 

O 

rH 

X 

CD 

CJ 


X 


CD 

X 

:z 

Z 

o 

r 

ro 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

CM 


1—1 

rH 

i—1 

1—1 

CO 


z 

ro 

O 

CO 

O 

CO 

X 

X 

rH 

X 


CM 

o 


X 

ui 

D 

s~\ 


l 

00 

00 

CD 

00 

X 

o 

t> 

X 


X 

X 

X 

X 

CJ 

X 

I— 

CM 

rH 

rH 

i—1 

rH 

rH 

CM 

i—1 

rH 


i—1 

1—1 

H 

rH 

-1 

CO 

o 










1 





< 

Q 

—7 

CM 

CO 

o 

00 

rH 


O 


X 



o 

X 

X 

> 

r\ 

z 

i 

[> 

o 

o 

CD 

X 

CD 

<D 

X 


X 

X 

X 

X 

1 

LJ 

LJ 

1 

rH 

rH 

rH 

rH 

rH 

i —{ 

rH 

1 —1 


rH 

rH 

1—1 

(—I 

1 


-J 

— 














CO 

LJ 


—- 

DO 

CM 

o 

CM 

X 

t> 

X 



O 

X 

X 

X 

h 

CL 


1 

UJ 

00 

o 

CO 

X 


I> 

X 


o 

o 


X 

o 

LJ 

z: 

K—4 

O 

rH 

1 —1 

1—1 

rH 

rH 

i—1 

rH 

rH 


1—1 

CM 

rH 

H 

> 

> 

1 

CO 

o 


DO 

o 

O 


O 


o 


o 

UJ 

o 

o 

_J 

L0 

K—1 

1 

CO 

o 

o 

O 

X 

CD 

X 

X 


o 

X 

X 

X 

_J 

CO 

u 

CD 

rH 

1—1 

rH 

rH 

rH 

i —\ 

1—1 

rH 


I—1 

rH 

1—1 

1—1 


UI 

z 
















o 

1 

cn 

CM 

co 

o 

LO 


o 

o 

o 


o 


UJ 

o 


<J 

— 1 

i 

CO 

o 

o 

r- 

X 

X 

X 

o 


X 

UJ 

UJ 

X 

u. 

O 

D 


co 

rH 

rH 

rH 

rH 

i—1 

1—1 

rH 

1—1 


1—1 

1—1 

H 

H 

CO 

c0 

n 

CO 

DO 

CM 


DO 

o 

CM 

X 

o 


o 

o 

UJ 

o 

x 

cr 

cc 

1 

O 

CO 

o 

o 

CD 

o 

X 

X 


X 


O 


h- 

o 

lx_ 


r- 

rH 

i—1 

1 —\ 

rH 

i—1 

rH 

rH 

1—1 


rH 

rH 

rH 

rH 

z 

















UJ 


Lh 

r- 


CD 

CD 

CO 

X 


X 

■‘M' 


X 

CM 

X 

X 

I— 

<n 

CC 


CD 

CO 

CO 

CO 

X 

X 

o 

X 


X 

O 

X 

X 


UJ 

o 

z: 

co 

rH 

rH 

rH 

i —1 

1 —1 

i—i 

1—1 

I—1 


1—1 

i—1 

H 

H 

z 

vJ 




1 












— 

< 


co 

00 

O 

O 


X 

o 

CM 

X 



i—1 

X 

O 


cr 

\- 

l 

00 

00 

^X) 

X 

X 

X 

X 

X 



UJ 

X 

X 

(_j 

Ui 

UJ 

z 

vO 

1—i 

rH 

1—1 

1 —1 

r—H 

1—\ 

rH 

1 —1 


1—1 

1—1 

r—1 

1—1 

CO 

< 

u 















(O 


z 

UJ 


CM 

ao 

CO 


1 —1 

CD 

X 


CD 

Uj 

o 

l> 

UI 


o 


CD 

00 

00 

X 

X 

o 


X 


X 

X 

X 

X 

cr 

U 

cr 

CL 

4 

rH 

rH 

rH 

r—i 

rH 

rH 

i—1 

1—1 


1—1 

rH 

f—1 

H 

Cl 

X 

< 

o 


O 

CD 

'sf 

X 

CM 

CM 


CC 


X 

X 

'O' 

(D 

UJ 


(J 

1 

CD 

O 

00 

X 

X 

O 

O 

00 


CD 

X 

X 

X 


(0 

u 


f0 

rH 

i—< 

rH 

I—1 

i—1 

rH 

r —\ 

1 —1 


rH 

H 

1—1 

H 


D 


rj 

i 


DO 

CO 

o 

X 

CM 


CO 


CM 

X 

UJ 

CD 




O 

00 

00 

(D 

X 

X 

o 

X 


O 

CJ 

X 

X 


> 


CM 

CM 

rH 

rH 

rH 

1—1 

rH 

1—1 

rH 


CM 

CM 

H 

H 


cr 


(\J 

DO 

o 

X) 

CD 

X 

X 


CM 


O 

CM 

i—1 

X 


< 


j 

O 

CD 

X 

X 

X 

X 

o 

UJ 


rH 

X 


X 





rH 

rH 

rH 

rH 

1—1 

1—1 

1—1 

1—1 


CM 

r—1 

H 

H 


D 

















CO 



O 

CM 

i —\ 

O 

r- 


CM 

(—1 


X 

o 

X 

CM 

CM 

< 


1 

00 

CD 

CD 

X 

X 

X 

X 

X 


i—l 

r- 

o 

r- 


h- 


o 

i—1 

rH 

rH 

t —1 

r—i 

rH 

rH 

1—1 


CM 

i—i 

H 

H 

V J J 

rH 

u 











" 






X 
















>- 

h- 


DAY 

rH 

CM 

DO 


X 

X 

o 

X 

<D 

O 

i—i 

ii 

12 

13 


x cd cr> o <o 
co m ip to 


to 00 > «0 O) 

lO LO lO X X 


F'- co co x co cm 
to to to to to 


o 


CM X CD CM O 

LO to 


00 X CM ^ 

to lO co to 


5 


O 00 H O) CO 
CO lO CO ^ H 


LO 

r- 


r- 

X 


o o O CO CO 

r- ^ lo to to 


O 00 o CO CO 
LO to lO lO to 


I s * 00 H 00 

CO LO O' ITJ o 


CO LO CO rH 

co ^ lo r- 


(M O O) O CO 
LO CO ^ LO LO 


CO CO O 00 CO to 
CO CO to ^ CO CO 


o 


CO CO CO 00 lO 
LO LO LO to 


CO CO co CO 
O 1 CO lO to lO 


O O O CO CO rH 
lO O' co co O' O' 


o 

r- 


LO 

CO 


CO rH CO LO O 
CO CO LO LO CO 


^ LO CO 

LO LO LO CO LO 

rH rH i—I rH rH 


COGOOCOCOO 
CD CO ^ LO LO CO 


O' CO O' co 
l> LO LO LO LO 


LO O' CO 00 (O 
LO co CM co 


co t> 02 co ^ oo 

O O' CO CO O' CO 


00 co 


H CD O O O 
O LO LO LO 00 


r- lo o co co 
LO co LO O co 


X X X O H CM 

O CO lO CO U) O' 

CO rH rH rH rH rH 


o o 


O to O CM O 
CD CO O 1 LO CD 


O o CO CO co 
t> CO co 00 CO 


rH CO L0 CO LO 

rH CO LO LO 

CO rH rH rH rH rH 


CD 
O rH 
CO CO 


00 O O' CO CO 

00 co LO CO o 

i—I rH rH rH CO 


. CO LO CO ^ CO 
GO o CD CD 00 


O' CO co O' LO co 

00 (D CD CD CD O 


00 LO rH O 

CO o co co 00 


<^000100 

00 00 CD O CO 
rH rH rH CO CO 


O 00 O O CO o 

CO CD O CD rH 00 

i —I i—I CO i—t CO i—l 


CD 


CO O O CO o 
CD 00 00 LO 00 


O H O CD CM 
co r- o o cd 


DO CO CO rH CO 00 
F- O O o CO 
rH I—I rH rH CO I—I 


CO 


O CO CO lO CO 
00 co co CO 


CO CO LO CO CO 
CO CO O co LO 


o o vr lo co co 

O' O 00 CO CO ^ 


O LO 


00 O LO rH CO 
O co LO 'Cf CO 


CM O' o CM O 
CO LO LO LO LO 


^ ^ CO CO O iC 
LO O CO CO 


CO 


o 

CO 


XXUj^fO 
LO CO CO rH 


LO o CO O CO 
O' ID H O' CO 


O o O' O H CO 
O' CO CM CO H CO 


co 0- 0 O LO 
^ ^ CO tO LO 


^ LO co o o 

^ DO ^ ^ CO 


ooo^rco^o 

^ co CO CM O CO 


DO DO CO O o 
CO lD CO CO O' 


UJ O CM CM X 
^ ^ ^ DO 


CO O co O O LO 
CO DO rH DO DO CO 


3 


CO LO u) O' 

O' CO LO co 


CO ID CO O' LO 
'O 1 LO ^ ^ 


lo O o co CO 00 
O' O' co CO CO CO 




CO O CO 00 o 
cO co O' co O' 


CO O) o O' CO 
tD O' CO O' ID 


co LO o O CD 00 
to CO CO O' CO CO 


to O CM O' lo 
UJ O X X O 


CO O CO 00 O' 
O' co LO O 1 O' 


00 CO CO O' LO H 
^ ^ LO ^ 


CO O 00 O' o 
lD CO O' O' C^ 


00 00 rH o O 
to LO U J O' LO 


co o o O' 00 O' 
O 1 O' O' UJ 


o 


UJ CD O O’ CO 
CO LD UJ O' CM 


CM (D CD O' X 
LO LO UJ UJ X 


(D UJ CD UJ CO UJ 

O' uj O' uj uj O' 


o CO 


CO CO 00 UJ o 
(O CO W O' CM 


^ ^ ^ o ^ 

O' ID u: ID UJ 


to 00 CO CM 00 O' 
ID O' CO UJ O' U) 


GO O' CD CD o 
CO D" O' O’ O' 


^ LO ^ ^ UJ 

co LO LO LD O’ 


00 CM i — I 00 O 00 
UJ UJ CO O' Uj UJ 


CO 


UJ CM O O- CO 
co LD LD O' O' 


ooooo 

CO LO UJ co co 


to CO CM CO H CO 
ID co O' O' UJ U) 


co O 00 (D o 
I—I i—I I—I rH CM 


H CM CO O' UJ 
CM CM CM CM CM 


co oo (D o 

CM CM CM CM CO CO 


iO 

CO 


CO 


CO 


CO 


CO 

CO 


LO 

CO 


CO 


CM 

o 


oo 

00 


CM 

CD 


LO 

CD 


UJ 

00 


o 

CO 


o 

UJ 


UJ 


UJ 


Cvi 

LO 


X 

UJ 


CV2 

CO 


CO 

CO 


X 

CO 


CO 

CO 


UJ 

cO 


o 

CO 


(0 

z 

< 

UJ 

2 


288 










EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


D 

UJ b 
b 

< UJ 

o $ 

9 o 

2 


< s 

CL ^ 

£i y 

O Q 
x z 
u — 


(/) la¬ 
id O 

D 

U (/) 

< D 

> O 

I (X 

C/) Ul 

t: a 

O uj 

> > 


b CO 
UJ 


rH 

LO 

r- 

<4* 

CD 

*<t 


CO 

st* 

CO 

St* 

3 

t 

• 

CO 

st 

CM 

st 

BBSS 

s 

CM 

CO 

rH 

rH 

rH 

rH 

rH . 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

"o’ 

b 

CM 

CD 

CO 

CD 

T 

CO 

O 

b 

O 

O 

10 

CM 

CM 

LO 

st 

LO 

st* 

st 

st 

LO 

CO 

• 

st 

LO 

st 

st 

b 

o 

CM 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

o 

CO 

St* 

rH 

CM 

b 

CO 

• 

CD 

CD 

st 

CD 

CO 

CO 

o 

CM 

LO 

LO 

LO 

st* 

st* 

LO 

St* 

LO 

• 

CM 

CO 

CM 

CO 

st 

CO 

st 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

st* 

*<t 

CM 

CM 

LO 

co 

CO 

• 

rH 

CO 

00 

b 

o 

CO 

00 

St 

LO 

St* 

to 

st* 

st* 

st* 

LO 

rH 

• 

b 

st 

CM 

CM 

st 

CO 

CO 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

st* 

CO 

O 

CD 

St* 

CD 

O 

st 

• 

LO 

CO 

rH 

CM 

3* 

CO 

CM 

st 

LO 

st 1 

LO 

CO 

LO 

CO 

CO 

b 

• 

CD 

st 

CO 

st 

CO 

LO 

CM 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1 —\ 


H rl rl H r~\ r-\ r-\ r-\ 




H _ 
£T i 


CO 

st 

b 

st 

CO 

o 

CD 

CO 

• o 

CM 

st 

CO 

CM 

00 

O 

<D 

CO 

CM 

CO 

CO 

CM 

LO 

o 

CO 

o 

st 

CO 

o 

00 

CD 

LO 

LO 

LO 

st 

LO 

CO 

CO 

st 

• CO 

St 

CO 

CO 

st 

CO 

St 

st 

st 

st 

LO 

CO 

CO 

CO 

co 

CO 

00 

LD 

CM 

st 

t> 

LO 

rH 

rH 

rH 

rH 

rH 

i—1 

rH 

rH 

• rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1—1 

rH 

rH 

rH 

I—1 

rH 

rH 

rH 

rH 

rH 

rH 

st 

CO 

CO 

CO 

b 

CD 

LO 

o 

• CO 

O 

CO 

CD 

00 

CM 

LO 

st 

LO 

CO 

rH 

CO 

CM 

CO 

CD 

o 

CO 

CM 

CO 

CO 

LO 

O 

LO 

LO 

LO 

st 

LO 

CO 

CO 

CO 

• st 

CO 

st 

CO 

CM 

CO 

st 

st 

CO 

St 

St 

CO 

st 

CM 

LO 

CO 

CO 

CO 

LO 

st 

o 

st 

rH 

rH 

rH 

rH 

rH 

r — 1 

r—1 

rH 

• rH 

1—1 

rH 

i — 1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

b 

CM 

st 


CO 

st 

CO 

CO 

• CO 

o 

CO 

LO 

CO 

O 

st 

rH 

rH 

CO 

CO 

00 

o 

LO 

CM 

o 

CO 

00 

CO 

00 

CM 

CM 

LO 

CO 

LO 

LO 

LO 

b 

LO 

*3* 

• st 

CO 

st 

St 

CO 

St 

st 

st 

st 

CO 

CO 

CO 

St 

CO 

LO 

st 

o 

CM 

st 

st 

00 

LO 

rH 

rH 

rH 

i — 1 

rH 

rH 

i — 1 

rH 

• i — 1 

rH 

rH 

rH 

rH 

rH 

rH 

i — 1 

rH 

rH 

rH 

rH 

1—1 

rH 

i — 1 

1 — 1 

CM 

rH 

rH 

i —< 

rH 

rH 

lO 

rH 

CO 

CM 

CO 

st 

CO 

O 

• 00 

CM 

CM 

rH 

00 

O 

CM 

CO 

st 

CO 

CO 

CO 

CO 

St 

CO 

00 

LO 

CO 

rH 

o 

o 

CO 

o 

o 

CO 

CO 

CO 

CO 

CO 

00 

• b 

CO 

st 

LO 

st 

LO 

CO 

st 

CO 

CO 

O 

st 

St 

st 

CO 

CO 

CD 

LO 

St 

CO 

o 

CO 

rH 

rH 

rH 

rH 

rH 

i — 1 

rH 

rH 

• rH 

rH 

<— 1 

i — 1 

i —\ 

rH 

t — 1 

i — 1 

rH 

rH 

i — 1 

rH 

rH 

rH 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

i—1 

CO 

LO 

CO 

rH 

LO 

00 

O 

LO 

• 00 

st 

O 

(D 

*t 

O 

CO 

O 

00 

St 

o 

o 

CD 

CO 

O 

00 

ID 

CM 

o 

LD 

CO 

CO 

b 

00 

b 

b 

b 

LO 

b 

CO 

• LO 

CO 

b 

LO 

b 

O 

LO 

st 

CO 

st 

CD 

LO 

st 

fO 

r- 

LO 

LO 

00 

o 

r- 

O 

cO 

rH 

rH 

rH 

rH 

i — 1 

rH 

rH 

rH 

• rH 

i — 1 

1 — 1 

r — 1 

rH 

CM 

rH 

i — 1 

rH 

1 — 1 

rH 

rH 

rH 

rH 

rH 

rH 

_*_ 

r — 1 

rH 

rH 

rH 

i —l 

rH 

st 

00 

CO 

O 

CD 

CD 

o 

LO 

• CD 

o 

CO 

rH 

LO 

CD 

CO 

CO 

o 

CO 

St 

00 

o 

O 

St 

LO 

00 

CD 

CO 

CM 

LO 

o 

00 

o 

b 

b 

CO 

st 

CO 

00 

• CO 

CO 

st 

CO 

LO 

St 

LO 

St 

LO 

st 

CO 

LO 

LO 

O 

00 

O 

st 

O 

o- 

O 

CD 

o 




I <0 
b I 


O I 

CL s* 

IE - 

o « 

o i 

ro 


^ H (O O) CO 
CJ) CD CO LO LO 


CO [> CD CM CM 
^t 1 CO ^ ^ to 


00 CO CO ^ CO 
CO CO CO ^ o 


CO 00 H CO 00 
O c\] (O (O H 


O CO o ^ ^ 
. 0 W CO CO CO 


CO H lO H CO 
CO CO CO 03 CO 


O O O CO st 
W C<) CO to 


LO CO CO 
LD LD O 


^ oo 00 

CO CO st 


O CO CO 
^ ^ CO 


^ to ^ 

CO CO (XI 


CO O CO 
H CO ^ 


CO CO o 
CM i—I <—I 


CO 

CO 

o 

O 

00 

o 

LD 

LO 

LO 

CO 

CO 

CO 

CO 

CM 

st 

CO 

1—< 

1—1 

rH 

rH 

1—1 

i —1 

i—1 

1—1 

00 

00 

o 

CO 

CM 

CO* 

CM 

00 

st 

CO 

CO 

st 

st 

CM 

st 

st 

rH 

rH 

1—1 

rH 

rH 

t — \ 

rH 

i—1 

CD 

o 

00 

st 

LD 

CD 

ID 

00 

LO 

st 

st 

St 

St 

CM 

st 

LO 

rH 

rH 

rH 

rH 

rH 

i—1 

r—1 

r—1 

O 

O 

CO 

st 

i—i 

b 

O 

o 

LO 

st 

st 

st 

st 

CM 

ro 

LD 

r —{ 

rH 

rH 

rH 

rH 

i—l 

(—< 

i—1 

CO 

CO 

CM 

o 

CM 

LD 

o 

ro 

b 

st 

lD 

st 

st 

LO 

st 

iD 

r H 

rH 

rH 

rH 

i—1 

i—1 

i —H 

rH 

st 

rH 

CD 

o 

LD 

ro 

00 

ID 

:.M 

LD 

st 

st 

st 

st 

CO 

i—1 

rH 

rH 

rH 

i —1 

i —4 

rH 

rH 

i—1 

O 

CO 

st 

CO 

LD 

00 

CO 

<X) 

St 

lO 

lD 

st 

st 

ro 

st 

CM 

i —4 

i— l 

rH 

rH 

rH 

i—i 

rH 

rH 


s* CO ID 00 CO 10 CO O h CO ^ 00 

co co h co oa ih ^ ^ cvj| co 


CD 00 CO O CO 
CO CO CO CO CO 


CO 00 CO O CO 
CO CO st CO CO 


(O ID CO CO ID ^ 00 
O rH CO CO co LO CO 


CO rH O O CO st 
CO CO ID ID co 


CM tO st lD 


co O 00 CD o 


O 1 to D co CO 
H CO ID ^ to 


O ^ ^ ^ 00 
CM CO CO CM o 


O O MO 00 

^ w to to o 


^ (O co to o 

LO i—I rH CD CM 


o o o o o 

CO i—I CM O CM 


00 00 o o to 

Oi H O H OJ 

i—I i—I i—I i—I rH 


st o ho co 
i—I st '—I I—I CM 


CO O O O CM 
st CM i—I i—I CM 


CM to o H H 
CM CM CO CO CO 


co O CO 00 O) 
to CO CO rH O 
i—I i—t i—I i—I rH 


00 C\1 o CO CO 

lD CM st CM H 


CM LO O rH CO 
00 CM st st CO 


CO 00 o to ^ 

lO CO DO CO st 

rH r—I i—I i—I i—I 


O O CO rH 00 
st Li) st CO st 


rH CM CO St* LO 

I —I I—I I—I rH I—I 


CM CO CO CD LO 
CD M 1 ID tO lO 


lD lO st 00 lD 
CO CM st CM CM 


^ CO CO o ^ 
CO rH CO CM O 


O CO rH CM O 
rH rH rH i—I CD 


O LO st to 00 

M 1 M 1 ID LO lO 


O LO LO CM rH 
CO CO st st CM 


^ CO ^ O O 
CM CM CM CO CM 


O O O st LD CO 

st* CO CO LO 00 O 


st* O 00 M CM CO 
rH CO lO CO lO CO 


O O 00 st O O 

CM tO 1 —• i—I O i—i 


LD CO st CO O CM st* M CM CM CM CO 

rH rH 00 r ~H O r —I CO CO CO 00 rH rH 


st st O O ID 00 CM co LO o [> 00 CM GO st CO st* 

o H O CM CM O O rH rH CM O CD O CD O O H 


O- O CM cO CM 
CD rH rH O CO 


co co cm r- o 

i —I i—I CM CM st* 

rH i—I i—I i—I rH 


CO CO rH CO CM 
CO CO LO St* CM 


O O st* rH CO 
CM st* CO CO LO 


CO O CO O LO 
CM CO CO CM LO 


rH LO LO CO LO 
CO CM CO CM rH 


st* CO CO <D CO 
CO CO H CM lO 


tO O CO st* CM 
st* st* co co :m 


CM CM st* CO CM 
st* CM CO CO CO 
rH rH r—I i—I rH 


CO O 00 CD O 
i —\ rH i—I i—I CM 


CO o (D CM o 
■rH O O rH CM 


st* LO 00 CO LO 

f—l CM i —♦ 1 —* CM 


to CM 00 O o 

rH CM CM 1 —I CO 


co CM St* rH CO 
CM CO CM CM CM 


CO CO O st* CM CM 

O O O O O CM 


CO CO CO CO CO CD 

H to H i— I I I (H 

i—I i—I i—I rH i—I <—• 


CM O b st* CO H 

i—I i—l rH CM CM CO 

rH rH rH i—I i—I i < 


CO O 00 O <D CO 
<M CO CM St* CM CO 


CO 

CO 

CO 

LO 

00 

st 

CM 

CM 

O 

H 

CM 

ID 

rH 

CO 

CM 

CM 

CM 

CM 

CO 

CO 

lO 

St 

CO 

CO 

rH 

rH 

r—1 

i — 1 

i — 1 

rH 

rH 

rH 

i — 1 

f — J 

rH 

r — l 

LO 

st 

CO 

o 

CO 

o 

o 

CO 

o 

X) 

o 

LD 

CM 

CO 

CO 

CO 

CO 

CM 

st 

CO 

CO 

CO 

CO 

CO 

1 — 1 

rH 

rH 

1 — 1 

rH 

rH 

rH 

rH 

rH 

i — 1 

1 — 1 

1 — 1 

00 

CO 

LD 

CO 

rH 

b 

CO 

CO 


00 

CO 

CD 

1 — 1 

CM 

CM 

CM 

CO 

CM 

CO 

st 

co 

CM 

st 

CO 

1—1 

rH 

i—1 

i—1 

H 

i — 1 

rH 

1—1 

i — i 

f — 1 

rH 

H 

CM 

rH 

CO 

CO 

o 

LD 

CO 

CO 

cO 

i—< 

CO 

co 

st 

CO 

CM 

to 

f—1 

CO 

CM 

st 

CM 

CO 

LD 

ro 

rH 

rH 

rH 

1—1 

rH 

rH 

rH 

H 

rH 

rH 

i —1 

rH 

LO 

00 

CO 

rH 

CO 

b 

CO 

CO 

CM 

U) 

CO 

(D 

CO 

CM 

CO 

LO 

st 

CM 

LD 

CM 

v.M 

CO 

st 

CO 

rH 

i—J 

rH 

1—1 

1—1 

i—I 

rH 

rH 

rH 

rH 

H 

i—1 












(f) 

z 

(—1 

CM 

CO 

st 

LO 

CO 

O 

00 

CD 

O 

rH 

< 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

UJ 


289 






EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


D 

UJ h- 

h- 

< UJ 

O $ 

£ o 

z lO 


< s 

n ^ 
u ^ 
o o 
x z 
u — 


W cr 

RH TT 

e» O 
<< i 

o 


cn la¬ 
id o 

D 

-J c/) 
< Q 

T 9 

I (X 

C f) Ld 

h 0- 
_J 

O uj 
> > 

-J i n 
•J <0 


•- 2 
? 2 

2 * 
«5 I 


z CO 
9 T 
r t: 

2"E 

cr i 

— lO 




Q 00 


:< _ 

xs 

£-• f- 
a: i 


z 

uj - 

§ v 


S535 3 

HI H H rl H 

WsTs 

rl H rl H rl 

9 5| w ^ K 


01 10 <# <0 H 

CO <0 rf T* ^ 

H rH H H rl 

oj oo o <o 

in to co co 

r-l r-l r-l r-< r-l 


<3* CO 03 tO <3* 
«3* F* U0 ^ ^ 


o- cd oo to 

co K# ip ^ 

H rl rl H H 


ID H ifl 00 0) 

3 s 2 52 3 

n n r*i n 

^4 <o ^ ^ ^ 

co co co «o co 


co t> m ^ 

33333 

o o 00 O CO 
in co cni co co 


0 0-000 
CO CO CO <0 ^ 


03 O tO 03 <0 
^ ^ 03 ^ CO 


CO H CO ^ O 
O CO CO CO 


10 Ifl rj Uj h 

CO CO 

H H H r*I H 


(0 C^ ^1 ^ (0 

^ CO ^ ^ co 

rl rl H H H 

to <o co ^ oo 

co co <o 


o co co to oo 

03 03 ^ <3* 00 

rH H H l-l r-l 


O t> H ** lO 

cq o3 to <34 

H ri rl rl rl 


0- ^ CO ^4 03 
CO ^ LO ^ 


cq o> t> co o 

<3» lO lO ^ cO 


o 

o 

CO 


CO 

CO 


03 

O 

CO 

O 

03 

03 


rH 

O 

* 

• 


to 

00 

O 

00 

CO 

to 

0 

3 

CO 

<34 

CO 

rH 

<34 

tn 

CO 


cO 

co 

CO 


to 

CO 

CO 

k34 

CO 

LO 

LO 

00 

O 

• 

• 


F- 

F- 

CD 

CD 

CQ 

<34 

CO 

CO 

CO 

CO 

<3* 

CO 

to 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1 —1 

rH 

rH 

rH 

1 —1 

rH 

4 

* 

4 

rH 

rH 

rH 

rH 

rH 

rH 

1 —1 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

CO 

0- 

O'* 

03 

CO 

00 

rH 

O 

CO 

lO 

<44 

CD 

rH 

O 

03 

4 

4 

* 

cO 

03 

00 

O 

fi} 

F- 

CO 

<34 

CD 

CO 

O 

lO 

O 

tO 

CO- 

LO 

CO 

co 

LO 


CO 


to 

^34 

10 

CO 

F- 

CD 

LO 

4 

• 

m 

00 

CD 

00 

00 

u 6 


CO 

^34 

CO 

CO 

LO 

CO 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

1 —1 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

4 

* 

• 

1 —1 

rH 

rH 

rH 

fH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

03 

CO 

03 


F- 

00 

LO 

CO 

LO 

LO 

00 

CO 

00 

O 

O 

O 

• 

* 

• 

CO 

CO 

co 

F- 

00 


O 


O 

00 

<34 

^34 

00 

o 

r- 

0- 

O 

LO 

to 

F- 

CO 

^34 

CO 

T34 


CO 

00 

O 

CO 

« 

• 

• 

CD 

CD 

00 

*34 

00 

F- 

CO 

LO 


CO 

L0 

CO 

CO 

rH 

rH 

rH 

rH 

f—1 

fH 

rH 

rH 

rH 

rH 

■ : rH 

rH 

fH 

f—1 

03 

03 

• 

• 

# 

r—1 

1 —1 

rH 

fH 

rH 

rH 

rH 

rH 

r-l 

fH 

rH 

rH 

rH 

^4 

CO 

03 

^4 


0 

F- 

CD 

LO 

03 

CO 



^34 

03 

LO 

• 

* 

• 

O 

CO 

03 

O 

LO 

00 

03 

O 

*3* 

cO 

F- 

00 

to 

rs. 

r^- 

00 

00 

^34 

F- 

CO 

to 

<34 

CD 

LO 

lO 

CO 

CO 

00 

00 

• 

• 

• 

rH 

F- 

CO 

CO 

CO 

LO 

CO 

LO 

^34 

<34 

CO 

03 

CO 

rH 

rH 

t—1 

f—1 

f—1 

rH 

rH 

rH 

rH 

r—1 

»H 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

03 

fH 

rH 

i—1 

r—1 

fH 

rH 

rH 

r—1 

rH 

rH 

rH 

rH 

o 

CO 

lO 

CD 

03 

0 

CO 

LO 

CO 

^34 

LO 

O 

to 

00 

O 

LO 

4 

• 

• 

<34 

to 

CO 

00 

to 

O 

lO 

03 

03 

O 

O 

LO 

^34 

cO 

CO 

CO 

CO 


CO 

to 


H4 

00 

LO 

LO 

^34 

^34 


CO 

• 

• 

• 

O 

^3* 

CO 

CO 

^34 

LO 

lO 

«34 

^34 

*34 

F- 

CO 

lO 

rH 

rH 

1—1 

rH 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

t 

• 

• 

03 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

rH 

rH 

rH 

o 

03 

lO 

^4 

0 

CO 

CO 

O 

03 

F- 

CO 

O 

*34 

rH 

CO 

*34 

_ # 

* 

• 

03 

00 

CO 

0 


<34 

O 

f> 

03 

00 

CO 

CO 

CO 



CO 



^34 

CO 

CO 


03 

^4 

03 

CO 

CO 

CO 

CO 

• 

• 

• 

CO 

CO 

0* 

CD 

CO 

^34 

^34 

O 

03 

rH 

00 

CO 

CO 

rH 

rH 

rH 

rH 

rH 

1—1 

1—1 

rH 

i—1 

rH 

1 —1 

rH 

rH 

1 —1 

rH 

1—1 

* 

• 

• 

rH 

fH 

r-l 

r—1 

rH 

rH 

fH 

rH 

rH 

rH 


rH 

rH 

CO 

CO 

F* 


00 

0 

to 

O 

1 —1 

LO 

00 

CO 

O 

03 

CO 

lO 

4 

4 

• 

0 

L0 

CO 

CD 

to 

CO 

CO 

Q 

CO 

rH 

F- 

00 

^t 4 

o 

03 

03 

03 


0 


03 

CO 

00 

03 

03 

CO 

03 

03 



• 

• 

^34 

^4 

to 

F** 

lO 

CO 

^34 

0 

rH 

rH 

00 

03 

CO 

rH 

rH 

rH 

1 —1 

1—1 

03 

rH 

rH 

rH 

1 —1 

1 —1 

1 —1 

rH 

1 —1 

rH 

rH 

4 

m 

• 

rH 

1 —1 

rH 

rH 

rH 

rH 

rH 

r— 1 

rH 

rH 


rH 

t —1 

o 

o 

LO 

CO 

LO 


C^ 

CO 

CO 

<34 

LO 

00 

CO 

CO 

0 

00 

4 

4 

• 

CO 

^34 

O 

CO 

<34 

CO 

03 

0 

CO 

CO 

co 

LO 

*3* 

r~H 

CO 

03 

rH 

CO 

CO 

co 

rH 

03 

CO 

r—1 

rH 

03 


1—1 

rH 


• 

• 

CO 

^34 

CO 

CO 

rH 

CO 

CO 

O 

CD 

O 

CD 

CO 

03 

rH 

H 

rH 

rH 

1—1 

rH 

rH 

rH 

1 —1 

rH 

r—1 

rH 

rH 

rH 

rH 

rH 


• 

• 

rH 

rH 

f—1 

rH 

rH 

rH 

rH 

1 — 1 


rH 


rH 

i—1 

CO 

o 

CO 

03 

CO 

lO 

0 

CO 

^34 

O 

CO 

O 

O 

0 

CO 

03 

4 

• 

« 

CO 

03 

03 

F- 

CO 

LO 

O 

F~ 

CO 

CO 

O 

lO 

oJ 

03 

03 

o 

03 

CO 

03 

03 

03 

CO 

03 

rH 

03 

CO 

03 

rH 

rH 

• 

• 


^4 

CO 

lO 

<34 

03 

03 

03 

t> 

O 

CD 

O 

lO 

03 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r-l 

rH 

f—1 

rH 

rH 

1 —1 

rH 

1—1 

• 

• 


!—1 

rH 

rH 

rH 

rH 

rH 

rH 


rH 


1 —1 

rH 

rH 

0- 

o 

o 

00 

0 

CO 

^34 

CO 

O 

LO 

O 

F- 

O 

CO 

CO 

H 4 

• 

* 

• 

F- 

to 

rH 

rH 

O 

LO 

CO 

CO 

CO 

O 

rH 

O 

CO 

03 

rH 

CO 

03 

^34 ’ 

03 

03 

03 


rH 

H4 

rH 

03 

^34 

03 

1 —1 

• 

• 

• 

L0 

CO 

CO 

CO 

03 

03 

CO 

CD 

O 

r—1 

CD 

1 —1 

03 

rH 

rH 

1—1 

1 —1 

rH 

rH 

rH 

1 —1 

1 —1 

rH 

rH 

1 —1 

1 —1 

rH 

1 —1 

1 —1 

• 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


r—1 

rH 


rH 

rH 

lO 

co 

<34 

O 

00 

03 

O 

CO 

to 

03 

CO 

1 —1 

CD 

CO 

03 

03 

• 

• 

• 

0 

O 

<34 

LO 

F- 

CO 

03 

O 

CO 

CO 

CO 

03 

F- 

CO 

^4 

CO 

H4 

CO 

03 

CO 

03 

^4 

rH 

1 —1 

03 

03 

^34 

03 

rH 

4 

• 


^34 

lO 

CO 

1—1 

1 —1 

I—1 

03 

O 

03 

1 —1 

CD 

03 

03 

1—1 

rH 

rH 

1—1 

1—1 

1 —1 

rH 

rH 

rH 

rH 

1 —1 

rH 

rH 

rH 

rH 

<H. 

4 

• 


1—1 

rH 

r—1 

1—1 

rH 

rH 

rH 

rH 

1 —1 

rH 


rH 

rH 

o 

CD 

O 

CO 

0 

^4 

LO 

00 

^34 

00 

^34 

CO 

O 

rH 


LO 

• 

• 


CO 


O 

CO 


H4 

CO 

O 

O 

CO 

CO 

O 

F- 

(YT 




H< 

rH 

C\3 

03 

H 4 

O 

03 

rH 

03 

LO 

03 

O 

• 

4 


03 

CO 

lO 

03 

O 

1—1 

03 

rH 

CO 

03 

rH 

rH 

03 


O O 03 LO co 
eo <34 <3* <3« ^ 


oo oo o ^ 

03 03 CO ^ 


H 4 O ^ ^ 03 
03 CO CO ^ 


CO ^ ^ CO 03 
03 CO ^ ^ 


H 03 03 CD CO 
CO ^ ^ ^ <3* 


03 -J 

- 

rH rH rH rH rH 

^ D 

CD cD 


rH O CO 00 03 

^ < 

1 

LO <3* CO ^34 <3* 


0 

rH rH rH rH 1 —1 

iVUGUS 

(the 

< 

1 

2 

3 

4 

5 


0 



^4 O ^ 

CO rH 03 


^ O 03 
CO rH 03 


cd ^ o 

CO 03 ^ 


co 00 lO 
CO 03 CO 


CO H 4 tO- 
CO 03 CO 


O CD O 
^ 03 LO 


CO O O O 

cq CO 03 LO 03 

rH rH i—I *—I rH 


O 00 O 00 o 

CO CO CO CO CO 


CO CO O rH 00 
03 03 CO H 4 CO 


^4 O ^ rH ^ 

CO 03 CO ^ CO 


lO 03 CO O CO 
^ ^ CO ^ CO 


CD 00 00 H 4 O 

^ (M 10 ^ H* 


rH 03 CO <3« to 


S33SS 


2 2 ® 3 2 

55333 

to O O UJ to 

io u] u) io v 

rl rl rl H H 


S ^4 O 10 oo 

CO rH CO 03 

rH rH rH rH rH 

to f- m o 

CO to H CO ^ 


F- 00 O O tO 
CO CO CO ^ CO 


lO ^4* ^4 ^4 CO 

co co cq co ^ 

rH rH rH rH r-H 


3233 


oo o to 

O H N rl 
rl rH m rl 


UJ O CM 1-t 

'“222 


cx> f- co co 


o o o 

rH 03 03 CO 
rH rH rH rH 


H 03 ^ 

2 3 2 3 


UJ to O) CM 
to M H 01 

r—I r —I f—I r—3 


UJ 00 I 0> 
22 2 


to 00 CD 
nf <M CO 


00 03 F- 

CO 03 CO 


CO o> 

CO 03 CO 

rH rH rH 




CO O' 00 CD O 

rl rl rl rl C3 


CO CO oo CO o 
lO to 03 03 CO 


cO 0- CO rH 00 
lO ^ CO CO CO 
i—I rH rH i—I rH 


03 CO fH (M CD 
CO CO CO CO 03 


^ O to O CO 
CO 1X3 CO ^ co 


03 O CO 03 lO 
lO O Kf st W 


H 4 tO O lO CO 

CO ^ W CO to 


H (M CO ^ LO 
03 03 03 03 03 


O O O O O CO 03 

CO O CO CO H H CO 


CO CD CO O CO O 
CO H 03 03 H 03 


O LO 00 03 00 03 
CO H 03 03 H 03 


03 CO H4 00 CO O 
O 03 03 03 CO 


03 O O CO ^ 

^ O 03 03 03 to 


LO rH CO CO rH to 

co H rH 03 03 CO 

H rH H H H rH 


CO o- CO CD O rH 

03 03 03 03 CO CO 











EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNET 1C OBSERVATORY 


CM 

% 

0> 


k 

to 

8 

< 


Q 

UJ 

k 

< 

O 


CO 

< 

k 

d 

LJ 

O 

X 


CO 

UJ 

D 

_1 

2 


if) 

k 

O 

> 


ui 

5 


z 

< 

UJ 

5 

z 

< 


cr 

UJ 

5 

k 

(0 

UJ 

$ 


^ 0 
z if) 


(0 

X 

k 

z 

UJ 


Q 

UJ 

(O 

(O 

u 

a: 

CL 

X 

UJ 


Q 

u 

$ 

o 

Q 

Z 

CO 

< 

cr 

D 

O 

X 


z 

o 


;M 

st 

D 

r-H 

E-- 

N) 


w 

D 

cr: 

k 


z 

o 

k 

o 

UJ 

cr 


st 

CM 


CO 

* 


(0 

a 

o 

cr 

u 

CL 

UJ 

> 

if) 

if) 

UJ 

U 

O 

D 

(0 

cr 

o 

Ll 

iCO 

UJ 

O 

< 

cr 

u 

> 

< 

UJ 

cr 

< 

<o 

UJ 

D 

< 

> 

cr 

< 

D 

CD 

< 

k 

UJ 

X 

k 


X 

k 

o 

z 

u 


CxJ 


a 

a' 

<c 

k 

CO 

< 

CxJ 


C\J 


8 MS® 

H HH H 


CM 


k cd o h oo to co in m io ao • 

cm cm co co co co co co W ^ co • 


O CO CO CO ^ 
CM CO CM CM 


k CM sf s* O 
H CM CO co ^ 


CO LO CO CO CO 
to CO ^ CO co 


CO 


00 s* co CO CO 
CO CM rH CM CM 


pH k o CO 
O CO CM st CM 


3 IS 3 

st CO st 


co O 

co o- 


co 

o 


S5 


O st k CO 
UJ CM CM CM 


00 CO CO CO O 
CO rH CO lO st 


00 U) LO O U J 
cm cm st st cd 


CO 


CO 00 UJ UJ O 
CO ^ CO H H 


CM O CM CO ^ 
CM CO st st st 


CO CO UJ k O 
^ CM U) CO UJ 


CO 

<5*. 


st 00 st st U> 
CO UJ CO CM CM 


to H 00 CD O 
CM DO st CO st 


CO CO CO l> UJ 
st st UJ CO st 


O 

CO 


CO CO CM 00 CD 

CO UJ CO CO CM 

rH rH rH rH rH 


UJ rH CO CO O 

CO DO st CM C0 

rH pH rH rH r-H 


CD CM (D 00 lO 
CO tO CO 


O 

UJ 


O lO CM co M 1 

st st DO st st 


co uj no co m 
UJ CO st CM CO 


St 00 k CO CM 
st co st st ao 


UJ 

tr¬ 


ee ^ ^ CM rH 
st UJ st UJ UJ 


CD 00 st CD CO 
CO CO UJ CO UJ 


O) CO co COC- 
^D co UJ UJ 00 


st 

UJ 


CM CO st CO UJ 
CO CO UJ UJ St 


CO O O CJ o 

st c— co uj co 


rH CO CO O O 
UJ UJ UJ k rH 

i— t i—I i—I i—i CM 


o 

CO 

CM 


CO co ,UJ co o 
CO co co UJ CO 


O k 00 St UJ 
H UJ UJ St CD 
i —{ t —I rH rH rH 


CO UJ CO st o 
UJ UJ UJ co 00 


CJ 

k 


O st st 00 CM 
UJ UJ St st CO 


O O CO rH 00 
st UJ st UJ CD 


CM st rH CO CM 
UJ UJ st st CO 


st 

CO 


O no CO O co 
CM CM CM CM vH 


st O st CO CM 
CM UJ CM CO CM 


CO sp CM CO st 
st UJ CO CM CM 


st 

CO 


CO 00 O CO O 
O O rH O CM 


UJ UJ CM CM CM O CO O st CM 

CO CM rH CM CO CM CO CM H H 


O 

UJ 


co CO co co UJ 

O i—I O 00 i —i 


UJ CM st o CM st CM DO k O 

sti—I O I—I to I—• rH I—too 


O 


•st O CO UJ UJ 
rH rH 00 CD O 


00 CM co O CM O CO CM O O 

CD CD- O CM CJ rH CJ rH rH CJ 


UJ 

O 


CD UJ CO O CO 
rH O CJ rH CJ 


st co CO O CJ 

O O O rH rH 


CD CM UJ O UJ 
CM rH rH CO rH 
I—| I—I I—I rH rH 


CJ 

O 


O st st O st 
CO CO rH CM CJ 


CJ0 CJ CM 00 CO 
CD CM (—I CO O 


UJ CO CO D UJ 
O rH rH CO pH 


CM 


CO co rH CJ O 
CM to CM CM CM 


st CO CO i.'J O 

O rH rH LO rH 


CJ co UJ O st 
CM H H lO CM 

i—| i—l i—I i—I r—I 


CM 

O 


00 k UJ UJ st 
00 CM CM CM CM 


k CJ 00 CO k 
CM st CM O i—t 


CJ CM rH (XI O 
CM UJ CM UJ CM 

rH i—I '—< i—I i—I 


00 O UJ 00 rH 
CM rH i — l CM CM 

i—I rH i—I i—I i—I 


UJ (JO o o 00 
CM st CM O rH 
i—I r—I rH rH i I 


'•Q k t O’ ;T) 
/ st CM UJ DO 

i—I r~H rH (—I i—i 


k 

o 


CO O st k O 
CM CM rH CM CM 


CD UJ st st CJ 
O CO lM rH St 

l—1 r~H r—I I—t f—I 


UJ to UJ 00 CM 
CM CO CM UJ st 


CM 

CM 


:M v:< lo o (D 

UJ CM CM UJ r-H 


tO CM CM O UJ 
UJ rH CM CM CO 


o o k oo st 

UJ UJ CM UJ CO 

i—i i—I i —\ i t i—t 


CM 

CM 


UJ st UJ CO O 
CO UJ CM CO CM 


■O UJ st (D CJ 
CO (D ,M rH UJ 


UJ CD Cvj f D vt 

UJ st UJ UJ UJ 

rH rH rH rH rH 


St 


tO UJ 


3 


UJ 00 UJ st UJ 
CM CM CM CM UJ 


UJ UJ UJ CJ k 
UJ UJ UJ st UJ 


UJ 

st 


CD O UD (O O H CO CD CM O CD CM 

co co co *t co co st 


O UJ CO 00 00 co st U? CO COHJ) U 

UJ H to OI ^ st «t ^ CM tO CO 


UJ CO st CM CO CO k CD co CO O 

CO CM U) CO CO UJ UJ st st DO k 


UJ 


UJ 

UJ 


CO st St CM st 00 ao CD O CO CM 

CO UJ pH st UJ st St st St co to 


CM 

UJ 


UJ UJ O co 00 
st UJ rH UJ st 


UJ st t> O UJ st 
UJ UJ st st UJ UJ 


U J to U 00 CO 
st CM CM st st 


O 00 CO co CO CO 
CO UJ st st st UJ 


UJ UJ CO st pH CD CM U O co to CM 

st UJ UJ CM st st co UJ UJ st UJ st 


CO O CM UJ CM 

UJ 00 O st st 

pH rH CM pH rH 


CM CO co co UJ CO 
k UJ CO UJ co st 


co u oo co in 
co o r- st o 


CM CO UJ UJ O O 

u u u co u CJ 


UJ st UJ O CM 

k co st cd o 


cd uj to r- st o 
UJ CD k CO O CO 


DO 
« D 


st CO O CM UJ 
Uj st O 00 CO 


O UJ st st DO UJ 
O 00 O CO CD UJ 


UJ 

o 


stCOOOUJUJ CO UJ CM DO UJ st 

DO CM DO UJ st UJ co co UJ CD UJ 


sr 

D<J 


o ao o uj o 

CM O o st UJ 


O CD 00 CO O CO 
DO CM st CM rH St 


UJ 

■D 


UJ O O DO CM 
H CM (O UJ tO 


CO CM CO tO 00 O 
st rH CM CM 00 st 


CO 

CD 


CO UJ CO st CO 

rH CD st rH CM 


O CM CD co o 00 
CM rH (D rH O to 


o 


CO st O UJ o 
CD CJ CD rH rH 


st 00 co DO UJ co 
O CD CD O CD UJ 


st O st CM UJ st 00 00 UJ 00 CM C— 

rH StrHstrH rH CM rH O rH CD rH 


St 

CM 


DO UJ O CM 00 UJ st co CO *0 st 

^ CXI I—I f—I • H f—♦ CM rH OJ CD DO 


DO CM st CD sf 
UJ CM rH CD CM 


sf -1 UJ rH rH O Jvi 

CM to DO st rH UJ 

I —( I—( I—I I—< rH ) i—I 


DO CM CO CJ Uj CD 

DO st CM CM CM UJ 


CD CO CD st l> st 
UJ rH !HJ st rH UJ 


O st st O O CO 

CM st CM DO UJ st 


rH 00 CM O- <H CO 
st CM st UJ UJ DO 


DO 

UJ 


O O 00 CM CM 
Uj UJ rH UJ st 


CJ UJ r O CO CD CM 
st CM st DO DO sf 


CO 

sh 


CO st CM CO st 

UJ UJ CM st sf 


O rHstCOOk 
LO rH St St St St 


St 

UJ 


O CM CO CM st 
st rH UJ LO st 


r- st u co cj uj 

st H to st St uj 


UJ 

UJ 


CO CM 'O CM CM 
UJ CM rH CM 0J 


00 co CJ st st DO 
DO CM st st DO uJ 


■ H CM UJ st UJ 


cO O <X) OJ O 


CM UJ st UJ 


CO O CO f D C > 
t —I rH i —i (—I CM 


rH C\i DO St UJ 
CM CM CM CM CM 


CO O 00 CD O rH 
CM CM CM CM UJ UJ 


8 


CD 

CO 


UJ 


CD 

UJ 


O 

st 


CM 

st 


UJ 

st 


st 

UJ 


u; 


ai 

:0 

r-H 


UJ 


DO 

rH 


Uj 

CM 


DO 


UJ 

CD 


st 


no 


CM 

CM 


CD 

CM 


DO 


UJ 

UJ 

r-H 


CO 

fO 


Sj 1 

D^J 


if) 

Z 

< 

u 

5 


291 





earth _ CU rre:nt potentials at huancayo magnetic observatory 


$ 

0> 


cc 

w 

CQ 


e- 

cu 

w 

to 


UJ 

2 


2 

< 

UJ 

2 

z 

< 

o 

££ 

UJ 

2 

k 

<n 

UJ 

$ 


Cs. to • 

CQ O) 


CJ 


• cncvjcoo) o h w ^ ® jo 

• OH OO OOOOO H to O 00 


O O) O OJ o 
to O' 


r- 

o> 


k 

< 

o 

D 

z 

c n 
< 


CL 

LJ 

o 

X 


> 

HH 

k 

< 

o 

u 


(0 

Ld 

D 

-J 

< 

> 


CO 

o 

> 

_J 

2 


(0 

X 

k 

Z 

UJ 

k 


Q 

UJ 

to 

cO 

UJ 

cr 

CL 

X 

UJ 


in 
r- 

Q 
U 
k 
< 

O uj 

5 5 

z a 

CO 

< 

lD 

cr oo 

o « 

1 to 
u 2 
z * 
o _ 


^ to 
CM CM 


00 CM 
rH CM 


CO 


k cd 

rH O 


^ CD 
rH O 


CD CO 
rH CO 


o 

to 


00 

CO 


CO 


CD 


00 

CM 




00 

CM 


O- 

CO 


CO 

CM 


CD 

CO 


O 

CO 


O rH CO to 
O O CD O 


co r- cm co ^ 

CD CD rH CD o 


CO 00 k to 

m o o t> 


oooocDor- 
lO ^ to ^ ^ 


CO in rH 
rH 00 O rH 


H CO 00 ^ O 
O CD CD rH O 


CO CM OO CO 
lO rH O CO 


in o mo 


CM CM t> CO 
CM CD 00 O 


^ LO CM CM h 
CD O O rH 00 


LO 00 O O 

in o oo in 


CO to ^ H O 

co Q* -Q* 


co o to 

CM CD CM CD 


CM CM CM CM O 
CD CD O CD 


CO CM rH CM 
in CO' rH o 


in ^ H 4 oo cd 
^ ^ to to 


00 k LO CD 
00 CM 00 O 


CM co 00 CO CM 
a oo oo h o 


CD CO O* 00 
CM CM O CO 


CD CO O O CM 
H 1 


o 00 O rH 
O CD 00 O 


oo oo in co in 

CD CD O O CD 


O' to CO 
rH CO rHO 


CM U UJ 00 LO 
lD co ^ ^ ^ 


co 

CD 


r- 

CD 


CM 

cd 


H 1 

CD 


CO 

CD 


CO 

CD 


Z 

o 

k 

o 


u 1 

to [5 

Q z 

O uj 

cr -J 

UJ 

CL 

2: 

UJ rH 

> I 

- m 

(/) hH 

(0 UJ 
U Z 
O 

o 

D 
(0 


cr 

O 

u_ 

CO 

UJ 

O 

< 

a: 

ui 

> 

< 

UJ 

cr 

< 

<n 

UJ 

D 

_l 

< 

> 

cr 

< 

_j 

o 

CD 

< 


U 

X 

k 


n 

(X 

< 

2 

n: 

e- 

cx 

CD 

2 


co 


co r- 
CM Q 1 


CO 00 
CM H 1 


CD CO 
rH in 


O- Q* 
CO 

rH rH 


CM CM 

in co 


^ CO 
co CM 


^ o 

00 rH 


CM O 

CO rH 


CM H 1 
CO O 


CM CO 
1 —l CD 


m cm 
00 o 


m in 
o o 

«—1 


CO 


CO 

Q 1 


co 

O 


O 

CO 


k- 

CM 


O 

CO 


CO 

CD 


00 

CO 


CO 


CO 

CO 


co 

CO 


o 


CO 


00 

o 


o 

m 


lM 


O 

CO 


m 

co 




oo 


CM 

rH 


cO CD CM O 
CM CM CD O 


o co ^ in ^ 

CO CM CD O 00 


^ O ^ if) 
CD ^ rH 00 


t> CM CM rH O 

LO CO LO 10 O 


(D O O CM 

O rH rH 


CO ^ O CO CO 
CO DO O CM 


tO CM CM 
00 CO CM 00 


CO CO 00 H 00 
lO LO co t^ O 


o in ^ 

^ to UJ rH 


in co in lo 

CM CM CO CM CO 


o co co in 

00 CM CD 


CM Q 1 tO CD rH 
in co co o 00 


CO co 00 co 

CO O- LO rH 


co in 00 lo 

rH rH CO CM CO 


00 00 in co 

rH H" CM o 


CM LO CM rH 

m in co 00 00 


to ^ U) ^ 

rH O- DO H 
rH rH 1 —I 1 —I 


0^(00^ 
rH CO CO CO o 


00 O O CM 
Q 1 CO o 


CO CM 00 co 
CO CO co CO l> 


uO CO LO St 
O CM CM CM 


00 O CO o o 
CM O O rH CD 


O 00 Tf o 
rH O CM H 

1—I r—I t —I r—I 


o 00 LO co o 

00 LO CO lo 


^ 00 o ^ 

CM CO rH rH 


CO o o o o 
CO 00 00 O CD 


O M 1 to CO 
CM CD o CD 


CM 00 O CM co 
O CM CM rH 


CM l> C; CM 
CD O CD 00 


O O DO 00 O 
CO CD CD O 00 


O 00 O 00 
CO 00 CD; CO 


CO O O ID H 1 
CO CM CM rH 
+ + + 


CD CM Tt CD 
CO l> CO 


O 00 O CM o 

co in 00 co rH 


in co H 1 uj 
o 00 o in 


o ld t> o o 

(O rH rH CM 

H- + 


O 00 CM 
k k k t> 


o o in in co 
k ao lo cd k 


o o co ^ 

00 rH k LQ 


CM 1 00 O o CO 
CM CO 

+ 


in in 00 

CD 00 (D O 


o rH O o 
CD 00 CD 00 CM 


LO CM DO CO 
CD CM CD CO 


3 


^ CM CM H 1 
^ DO CM 


CO CM L"- 00 O in ^ CM 

CM O O 00 O rH rH 00 CM ^H DO O CD 


CD O CO O 
^ (O ^ D if) 


O 


O 

CD 


CO 


ao 

o 


CO 

lD 


CO 

o 


"M 1 

o 


CD 

n 


CM 

00 


CD 


CM 

CD 


cc 

LrJ 

1 u 

?: 
in 

f- 

Lxi 

U) 


O CM 
;.M CM 


lij CM 
CM DO 


DO 

H 1 


CD 

LO 






H 1 O 
CM DO 


O 


00 o 

CM CM 

<—l 1—I 


o 


CM 

in 


LO 
DO o 


Lfj 


O 

CO 

rH 


CD CO 
CO H 1 


‘O 

LO 


CD 

CO 


[v 0 M 1 ^ ^ o in 00 CM <0 o LO c^ 

CM rH rH r-H O CM -H O rH C) ^ H D 


rH in o CD in 
ic in m ^ m 


CO 00 O- to O) to ^ to M tO O tO 

CM rH c ) CD CD CD O CD (D CD LD CM Cj 


<0 CO H 4 CM O 
^ ^ ^ ^ 


CD C J CO rH 
CM rH O O 


DO^CDCOO 
O (D (D O O 


CM CO 00 ^ 

CD ^ rH CD 


00 O to 00 ^ 

H* lO 'M - DO DO 


00 CD co H 1 
O rH CD O 


H ^ H DO 00 
rH CD rH O O 


^ 'tD CO 
CD in rH CM 


^ (O CO 00 00 
^ tO ft) 


o in co 00 

00 <—i O O 


if) M ^ ^ 

O rH O o rH 


n CD co co 

rH CO rH O 


CM O CO CD DO 
^ co ^ ^ 


tO tO tO CD OJCOlOtp 
(J) rl rI H Q> rj) (7) o <—1 o ^ m o 


CM H" CO CO CM 

tC ({) ^ M 


IM) 

CM 


CO 

(D 


iD 

CD 


(D 

(D 


O 

O 


CM 

A o 


. H CM DO M* if) 


CO (S 00 CD CD 


f—1 cm co Tf in 


CO O 00 CD O 
rH rH rH rH CM 


H OJ DO UJ 
CM CM CM CM CM 


CO O 00 CD O 
CM CM CM CM DO 


tO 

z 

< 


292 
















earth-current potentials at huancayo magnetic observatory 


3 

Ui 

2 

144 

144 

4 • 

• 1 

ft 1 

166 

165 

4 * 

« 4 

4 * 

• ft 

• * 1 

4 4 


163 

156 

157 

155 

155 

157 

157 

151 

157 


162 

159 

155 

ft 

• 

• 

161 

147 

148 

152 

156 

CD 

iO 

H 

ft 

i 

146 

155 

ft • 

• ft 

ft 4 

177 

157 

4 4 

4 4 

4 4 

4 4 

4 4 


137 

149 

146 

158 

154 

150 

166 

137 

162 


158 

164 

166 

• 

• 

• 

161 

154 

146 

156 

156 

2 1 

1 M 

<o 

a 

00 

a 

150 

* t 

4 • 

4 ♦ 

177 

166 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 


165 

140 

156 

164 

153 

148 

150 

152 

155 


151 

165 

155 

• 

+ 

159 

156 

156 

156 

164 

156 

CVJ 

CM 

(M 

142 

141 

• l 

4 4 

4 « 

184 

154 

4 • 

4 « 

4 4 

4 4 

4 4 

4 4 


170 

136 

147 

164 

156 

164 

147 

155 

152 


153 

144 

145 

• 

• 

• 

144 

150 

156 

156 

161 

153 

CM 

1 

O 

CM 

146 

136 

4 4 

4 4 

• • 

177 

152 

4 4 

• 4 

• • 

4 4 

4 4 

4 4 


180 

153 

183 

146 

134 

145 

174 

145 

145 


170 

177 

162 

# 

• 

• 

146 

156 

156 

156 

157 

157 

O 

CM 

1 

0 ) 

141 

134 

• 4 

4 4 

4 4 

173 

152 

• 4 

4 • 

4 • 

4 4 

4 4 

4 4 


132 

185 

142 

164 

172 

150 

186 

156 

176 


161 

197 

159 

• 

• 

• 

153 

153 

162 

163 

165 

161 

9 

i 

GO 

146 

164 

• 4 

4 4 

4 4 

172 

154 

• • 

• 1 

• » 

4 4 

4 4 

4 • 


158 

160 

138 

156 

170 

178 

166 

154 

188 


155 

136 

166 

• 

• 

161 

162 

163 

162 

166 

163 

9 

i 

153 

176 

4 4 

4 4 

4 • 

176 

224 

• 4 

4 • 

4 4 

4 4 

4 4 

4 4 


177 

190 

158 

163 

196 

204 

158 

151 

188 


162 

171 

181 

• 

• 

* 

168 

170 

166 

165 

180 

175 

6-17 

15? 

174 

4 4 

4 4 

4 4 

196 

177 

• • 

4 • 

• 4 

4 4 

4 4 

4 4 


165 

166 

194 

168 

196 

184 

160 

186 

176 


178 

178 

176 

# 

• 

163 

172 

184 

186 

196 

178 

9 

i 

tO 

146 

182 

ft A 

• 4 

ft * 

216 

162 

4 • 

• 4 

4 4 

4 4 

4 4 

4 4 


198 

190 

217 

173 

184 

176 

178 

186 

180 


185 

180 

186 

• 

* 

1 

162 

176 

184 

188 

203 

183 

9 

i 

167 

166 

4 4 

4 4 

4 4 

206 

160 

4 4 

4 4 

4 1 

4 4 

4 4 

• 4 


196 

225 

222 

176 

175 

183 

192 

175 

176 


190 

184 

202 

4 

• 

• 

164 

168 

^ 6 T 

081 

207 

136 

i 

CO 

174 

154 

• 4 

4 4 

4 4 

166 

224 1 

1 

4 4 

4 4 

4 4 

4 4 

4 4 

♦ 4 


200 

210 

210 

180 

166 

198 

183 

185 

155 


186 

180 

184 

• 

• 

170 

166 

175 

178 

201 

cO 

OO 

1 — \ 

2-13 

180 

145 

4 4 

4 • 

4 4 

o 

o 

H 

174 

4 4 

4 4 

ft * 

4 4 

4 4 

4 4 


165 

156 

193 

180 

187 

155 

164 

157 

160 


210 

171 

176 

• 

• 

193 

156 

154 

166 

160 

170 

CM 

1 

192 

123 

4 4 

4 4 

4 4 

155 

180 

• • 

• ft 

♦ • 

4 4 

4 4 

4 4 


186 

185 

142 

162 

120 

132 

133 

153 

160 


130 

153 

154 

• 

• 

164 

129 

125 

117 

122 

148 

1 

O 

175 

110 

4 4 

4 4 

130 

182 

• • 

I • 

• • 

4 4 

4 4 

4 4 


127 

135 

120 

138 

133 

120 

142 

125 

122 


124 

130 

114 

4 

• 

145 

114 

85 

102 

98 

127 

o 

1 

CD 

136 

110 

ft ft 

• 4 

4 • 

123 

CM 

H 

• • 

ft 

• ft 

• • 


108 

88 

08 

126 

100 

110 

140 

103 

172 


116 

108 

1 x 0 

• 

118 

70 

O CM 
00 o 

H 

84 

112 

CD 

1 

00 

115 

106 

• 4 

4 4 

4 4 

133 

155 

4 4 

4 4 

4 » 

ft • 

4 ft 

^ * 

■t 4 

122 

106 

0 TT 

120 

112 

114 

114 

130 

110 


130 

109 

95 

4 

• 

105 

105 

95 

108 

96 

114 

00 

95 

113 

• • 

4 • 

4 • 

143 

lO 

H 

• 1 

• • 

• • 

4 4 

• 4 


140 

115 

136 

106 

in O CM O CO 

^ co eo cm # 

i— 1 i—< :—< H H 


138 

126 

116 

• 

CD 
CO O 
H H 

131 

140 

o 

lO 

H 

i 128 

J _ 

h- 

l 

cO 

86 

120 

• • 

4 * 

4 4 

160 

162 

• • 

4 * 

• • 

• • 

^ • 


172 

138 

156 

140 

- 

146 

162 

154 

123 

147 


160 

144 

140 

« 

CO o 
cO CO 
H H 

154 

164 

156 

147 

CO 

1 

to 

134 

o 

rH 

• • 

4 • 

155 

166 

• • 

• • 

• • 

4 4 

4 4 

4 4 


186 

152 

165 

166 

153 

190 

156 

160 

156 


P9T 

99T 

• 

171 

154 

160 

150 

160 

159 

to 

1 

O' 

139 

co 

m 

H 

4 • 

4 4 

4 • 

156 

CD 

O 

H 

ft • 

• ft 

• • 

• • 

• • 

• • 


186 

147 

151 

148 

146 

151 

154 

150 

146 


178 

158 

156 

• 

• 

• 

171 

146 

146 

152 

166 

JO 

H 

« 

1 

co 

138 

162 

4 4 

4 • 

151 

147 

4 4 

4 4 

4 4 

• • 

• • 


182 

154 

155 

153 

152 

150 

150 

152 

x46 


166 

165 

166 

ft 

ft 

ft 

176 

146 

D CD 
^ s* 
H H 

148 

154 

to 

CM 

o 

cO 

H 

152 

4 • 

151 

170 

• * 

• • 

• • 

4 4 

4 4 

4 4 


130 

153 

CD 

lO 

H 

154 

161 

146 

162 

146 

147 


176 

155 

154 

ft 

ft 

ft 

177 

141 

150 

146 

154 

j 152 

CM 

1 

138 

CO 

H 

H 

• 4 

159 

157 

• * 

• • 

• • 

• • 

• ft 


148 

157 

156 

160 

157 

175 

154 

154 

lol 


196 

137 

159 

• 

190 

160 

154 

148 

154 

157 

O 

139 

166 

4 4 

4 • 

4 • 

172 

154 

• • 

• • 

• • 

• • 

• • 

• 1 


188 

154 

160 

164 

144 

153 

156 

156 

156 


161 

164 

161 

ft 

4 

196 

169 

152 

150 

157 

T9T 

DAY 

H 

CM 

CO ^ 

in 

cO 

r- oo 

9 

10 

11 

CM iO 
H H 

14 

in 
— < 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

MEANS 


3 

Oft 


S £ 


z 

< 

UJ 

2 

z 

< 

o 

<r 

UJ 

2 

h- 

(0 

UJ 

$ 


s 

ua 

cfl 


D 

UJ 

h 

< 

o 


X o 
Z i n 


z 

o 

t- 

o 

UJ 

cr 


* 

cm 


CO 

< 

h- 

Ql 

UJ 

U 

X 

u 


> 


CO 

o 

ru 


(0 

u 

D 

_J 

2 


CO 

h 


Cl 

uj 

< 

o 

o 

z 

CO 

< 

cr 

D 

O 

I 

LJ 

z 

o 

u. 

o 

CO 

O 

o 

cr 

UJ 

CL 


o uj 
> > 

-I CO 

-J co 
^ u 
u 
o 

D 
(O 


U_ 

o 

CO 

I 

h- 

z 

UJ 

h- 


O 

u 

CO 

CO 

ui 

cr 

o. 

X 

uj 


cr 

O 

u. 

<f) 

UJ 

O 

< 

cr 

u 

< 

UJ 

cr 

< 

cO 

UJ 

D 

_J 

< 

> 

cr 

< 

_j 

3 

CD 

< 

H 

Ul 

I 

I- 


02 

CD 


CC 

‘9 


.*3 

cO 


293 













EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


0) 



2 

to 

00 


rH 

00 

to 


CD 

in 

CD 

CO 

00 

in 

S: 

<0 

00 

30 

30 

• 

• 52 

CD 

o 

CO 





o 




< 


r* 

r- 

S 

CO 


in 

CD 

CO 

IS 

00 

s- 

in 


CVJ 

CVJ 

• rH 

• 



cQ 




in 

o> 



UJ 




















# 










iH 

Ld 


2 



























m ^ mm 

mmmmm 


cc 

w 

2 


3 

C"* 

lO 

co 


** 


rH 


rH 

CO 

** 

CO 

o 


CO 


o 

00 

* 

• co 

O 

o 


CO 

OJ 


O 

o 

CO 

aj 

h- 


i 

lO 

CO 

in 

IS 

CO 


s 

r- 

in 

00 

CD 

CO 


rH 

rH 

CVJ 

CO 

rH 

• CvJ 

• ^ 

CO 



CO 

0J 

CO 

CO 

CO 

Tt 4 

U 

6~i 

2 


Kl 






+ 








+ 
















O 

o 

< 

UJ 

2 


ro 

? 

N 

co 

CO 



CO 

00 

m 


CO 


O 

CO 

00 

CO 

CD 



CO 

• CVJ 

• co 

CO 

rH 

X* 

OJ 

CO 

oo 

o 

38 

CO 



lO 

00 

IS 

0- 

CO 

CVJ 

-f 

m 

r- 


00 

CD 

CO 

CO 

CVJ 

rH 

CO 

CVJ 

CVJ 

• rH 

• 

• 



rH 

H- 

CO 

rH 

CO 

LO 

Tt 4 


Z 

< 


CVJ 

(VJ 

1 

<<* 


co 

lO 

LO 

CO 

co 


CO 

CO 

rH 

CVJ 

o 

CO 

ts 

CO 


LO 

• CO 

• CO 


in 

O 

GO 

o 

00 

CO 

CO 

o 



to 

IS 

CO 

s 

co 


in 

00 


00 

CD 

CO 

<M 


CVJ 

CVJ 

CVJ 

in 



KT 

co 

CVJ 

CO 

CVJ 


CO 

CO 



o 


fvi 






4- 














• 



H- 








5 

UJ 


<VJ 

1 

OJ 

OJ 

to 

co 

CO 

CO 

rH 

CD 

CO 

CO 

LO 

o 


O 

CVJ 


s 

in 

* 

• CO 

CVJ 

& 

CO 


CO 

o 

o 

CVJ 

00 



r- 

IS 

LO 

CO 

CO 

rH 

CO 

CO 

IS 

00 

CD 

LO 


CVJ 


rH 

rH 


• CVJ 

• ^ 

LO 

CO 


CO 


rH 

CO 

CO 

CO 


2 


o 



















• 













OJ 






4- 












_ 





_x_ 





_ — 


D 

LJ 

h- 


o 

CM 

to 

o 


o 

CD 

CVJ 


O 

CO 


O 

CO 

rH 

CVJ 

in 

o 


in 

• s 

• LO 

O 

CD 

o 

CO 

00 

OJ 

rH 

CO 

CO 

H 

CO 

25 

is 

LO 

o 

CO 

LO 

CVJ 

in 

IS 

IS 

CO 

O 

IS 

CO 

CVJ 

CVJ 

rH 

rH 

CvJ 

• CVJ 

• H 1 


CO 

rH 

CO 

rH 

rH 

CO 

CVJ 

xt 4 

< 

UJ 

W 

1 

0) 











rH 









• 






4- 




vJ 

Q 

> 

O 

0) 

is 

CO 

co 

co 

i—1 

CO 

OJ 


CVJ 

LO 

CVJ 

CO 

CVJ 

CO 

o 

CO 


CO 

• ^ 

• 00 

LO 

LO 

’‘Ct 4 

CV] 

CO 

00 


CO 

CO 

z 

0 

40 

r- 

E- 

1 

CO 

CO 

CO 

CO 

00 

LO 

LO 

co 

(S 

IS 

LO 

O 

rH 

IS 

LO 

LO 

co 

1—1 

CVJ 

CVJ 

• CO 

• ^ 

• 


CO 

CvJ 

CO 

rH 

CO 

rH 


CO 

LO 

(0 

Q 

Z 

co 

o 

00 

rH 

<vt< 


o 

co 

CvJ 

CO 

CO 

O 

CO 




o 

IS 


• o 

• o 

IS 


o 

CO 

c U 

00 

s 

CO 

00 

< 

UJ 

o 

Y 

co 

00 

CO 

IS 

IS 

LO 

IS 

00 

co 

o 

IS 

CD 

IS 

00 

CVJ 

CO 

CO 

CVJ 

• ^ 

• CO 

LO 

Kt 4 

^t 4 


CO 

CVJ 

LO 

CO 

LO 

1— 

H 

H 

s 










1—1 










• 










CL 

< 

o 

O 

UJ 

r- 


co 

Tt 1 

LO 

CO 

00 

CVJ 

LO 

CO 

IS 

00 

CO 

LO 

o 

s 

CvJ 

CO 


• CO 

• rH 

LO 

CO 

CVJ 

CO 

IS 

o 

o 

co 

CO 

u 

— 



CO 

00 

00 

CD 

00 

CO 

00 

IS 

LO 

1—J 

o 

CD 

00 

rH 

CO 


LO 


• ^ 

• IS 

CO 

in 

CO 

CO 

o 

CO 

00 


IS 

u 

Q 


CO 





1—1 

rH 



rH 






• 





rH 





X 

z 

Q 






















_ 








U 



(0 

o 

o 


OJ 

CO 

o 

CVJ 

00 

IS 

o 

CvJ 


CO 


CVJ 

o 

CVJ 

LO 

• o 

• ^ 

LO 

CO 


S 

IS 

OJ 

LO 

IS 

LO 


CO 


i 

CO 

1—1 

o 

IS 

CD 

00 

CD 

CO 

co 

OJ 

s 

rH 

CD 

rH 

IS 

CO 

00 

IS 

• LO 

• IS 

IS 

LO 

00 

00 

CO 

CD 

CO 

IS 

00 


< 

lO 

00 

40 


rH 

rH 







rH 

rH 

rH 


rH 






• 










u\ 

cr 

40 

LO 

CO 

LO 

CO 

o 


CO 

o 

CO 

CO 

o 

CO 

IS 

O 


CVJ 

o 

CO 

• o 

• CO 

CO 

LO 

o 

CVJ 

^t 4 

LO 

o 


CD 

> 

D 

CM 

| 

CO 

IS 

o 

o 

00 

(S 

00 

o 

00 

DO 

00 

CVJ 

CO 

CD 

LO 

00 

CO 



• IS 

s 

LO 

CO 

o 

CO 

CvJ 

lO 

s 

s 

t—1 
E-H 

O 

I 




rH 





rH 


rH 


1—1 












1 —l 


rH 




<c 

rD 

10 

1 


CO 

o 


CO 

O 

IS 

(S 

CO 

CO 

CO 

o 

CO 

o 

IS 

CO 

o 

LO 

o 

• co 

• rH 

vt 4 


CO 

CVJ 

O 


IS 

CO 

CD 

w 

Id 

1 

co 


O 

00 

00 

LO 

s 

rH 

o 

CVJ 

1 —\ 

1—l 

CD 

00 

CD 

CO 

LO 

rH 

• CO 

• IS 

00 

CO 

co 

s 

IS 

CO 


LO 

00 

:z 

z 

o 

>r 

n 


rH 

i—1 




rH 

rH 

rH 

rH 

1—l 






1—1 


• 





rH 

rH 




</) 

u 

D 

z 

co 

CO 

00 

o 

o 

00 

CO 

CO 

00 

CO 

LO 

CO 

o 

00 

LO 

LO 

CO 

o 

CVJ 

• ^ 

• 1—1 

o 

o 

CVJ 

00 

o 

o 

CO 

o 

rH 

u_ 

O 

i 

L_ 

i 

CVJ 


CD 

o 

IS 

CO 

LO 

LO 

IS 

CD 

o 

rH 

00 

CD 

rH 

LO 


CO 

rH 

rH 

• co 

• co 

• 

IS 

IS 

CO 

LO 

CO 

i—1 

LO 

rH 



s 

< 

> 

I 

CO 

r\ 

o 

CVJ 

o 

o 

00 



00 

o 

CO 

CO 

o 

»—1 

CD 


s 

o 

o 

o 

00 

• o 

• CO 

CO 

CO 

CVJ 

CO 

o 

00 

o 

o 


i—J 

o 

z 

UJ 

_j 

1 

rH 

CD 

00 

IS 

LO 

LO 

LO 


00 

00 

IS 


CVJ 


CvJ 

CO 

1—1 


• CO 

• ^ 

• 


CVJ 

CVJ 

CVJ 

IS 

1—1 

CO 


00 

lO 

1 

c n 

cr 

Ld 



CVJ 

o 


CO 

CO 

OJ 

CVJ 

CVJ 


in 

CVJ 

o 

OJ 

LO 

CO 



o 

• O 

• CD 


OJ 

CD 

00 

oo 

o 

o 

rH 

LO 

h- 

CL 

i 

1 

00 

CO 

s 

LO 

CO 

CO 


in 


co 


CVJ 



CVJ 


CO 

• CVJ 

• rH 

^t 4 

CO 

rH 


1—1 

CO 

CO 

rH 

CM 

o 

> 

-i 

Id 

> 

CO 

IN 

1 

o 

4- 














+ 

_+ 


+ 






_±_ 


+ 


4- 


1 

CO 

l—t 

o 

00 

CO 

00 

14 

52 

35 

36 

92 

29 

34 

50 

24 

40 

LO 

20 

CVJ 

14 

LO 

CO 

• • 

20 

12 

16 

24 

CO 

42 


20 

12 

16 

13 

_j 

CO 

Ld 

0) 

+ 












H- 

-f 


_ ± 



_±_ 




_ ±- 

_±_ 


_j4_ 

_4_ 

— 


i, 

Ld 

u 

o 

z 

_J 

CD 

1 


46 

o 

CO 

37 

53 

36 

26 

42 

16 

CO 

26 

70 

56 

25 


14 


00 

• • 

24 

* • 

• • i—1 

14 

s 

LO 

13 

14 

13 

13 

20 

CD 

CVJ 

o 

D 

CO 


00 

4- 














-1- 



+ 

__±_ 




_±- 

+ 


_±_ 




co 

o 

oo 

1 

s 

LO 

CO 

CD 

CO 

o 

CVJ 

LO 

H 4 

CO 

H 4 

(D 

GO 

o 

o 

o 

CO 


00 

• co 

• • i—1 

CO 

CO 

LO 

00 

CO 

o 

CO 

LO 

LO 

35 

I 

H 

cr 

o 

cc 

< 

r? 

E~* 

cc 

rH 

CD 

co 

LO 

CO 

LO 

CO 

LO 


LO 

LO 

CD 

rH 

CO 

IS 

1—1 

H- 

CO 

CVJ 

f—1 

+ 

• • i—l 

1—1 

CVJ 

i—1 





Z 

LU 

h- 

Ll 

'/) 

s 

i 

44 

09 

76 

CD 

CO 

85 

71 

55 

CO 

CO 

00 

LO 

CO 

84 

40 

55 

55 

22 

42 

45 

52 

• CO - 

• rH 1 , 

• • ^ 

• • ^ 

36 

43 

40 

36 

16 

LO 

CD 

CO 

48 

47 

UJ 

o 

CO 
























_ 

—— 

_ 




z 

Q 

Ld 

O 

< 

cr 

Ld 

h- 

z 

CO 

i 

40 

62 

o 

CO 

86 

86 

84 

73 

61 

65 

67 

62 

72 

120 

CO 

co 

55 

23 

34 

44 

92 

• H 1 

• CVJ 

• • LO 

• • LO 

• • 

46 

34 

44 

34 

38 

64 

27 

44 

LID 

lO 

CO 

CO 

Ld 

ES ARE A\ 

Ld 

z 

o 

40 

39 

74 

co 

o 

74 

67 

67 

55 

64 

68 

56 

99 

86 

70 

45 

22 

21 

34 

34 

• CVJ 

• 1—1 

42 

46 

26 

37 

27 

42 

46 

LZ 

00 

(S 

48 

a: 

CL 































CL 

X 

UJ 

2 

O 

o 

3-4 

CO 

86 

81 

CD 

CO 

86 

65 

46 

69 

74 

88 

78 

75 

62 

r—I 

26 

28 

33 

28 

. CO 

• • 

• • ^ 

• • 

48 

20 

36 

27 

42 

CD 

LO 

36 

33 

o 

LO 


D 

J 

< 


co 

l 

40 

68 

64 

lO 

CO 

00 

IS 

CD 

IS 

36 

70 

78 

74 

33 

LTD 

S 

66 

44 

27 

o 

CO 

43 

30 

• CD 

• rH 

• • CD 

• • CO 

47 

36 

34 

24 

36 

00 

rH 

CO 

to 

CM 

46 


> 


CVJ 



















+ 





_ 


_±_ 



— 


cr 

< 


CVJ 

40 

58 

CD 

00 

84 

74 

72 

01 

70 

76 

76 

84 

74 

99 

38 

26 

24 

31 

30 

• CD 

• i—< 

• • 'sj" 1 

52 

63 

39 

16 

49 

29 

CD 

CO 

36 

46 


_j 


— 



















+ 










— 

CJ 

H'> 

D 

0 

< 


1 

42 

55 

92 

72 

55 

99 

*—l 

70 

57 

80 

36 

00 

56 

29 

26 

s 

rH 

o 

CvJ 

16 

. CD 

• CO 

• • lO 

• • 

49 

57 

25 

LO 

38 

o 

CVJ 

18 

34 

43 

r*H 

h- 


O 



















-4- 





— 

__ 





a: 

UJ 































c n 

Ld 

I 































z 

OCT OF: 

t- 


DAY 

rH 

OJ 

CO 


LO 

CO 

IS 

00 

(D 

01 

rH 

rH 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

.26 

LZ. 

28 

29 

30 

31 

< 

UJ 

5 


294 







EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


03 ^ 

o> r 


cc 

w 

OQ 

o 

Eh 


D 

UJ 

< 

O 

D 

Z 

</) 

< 


Q- 

Ixl 

O 

X 

u 


a 


a 

a 

cn 

u 

D 

_J 

< 

> 


(0 

h 

O 

> 

_) 


t n 

x 

h- 

Z 

1x1 

k 


Q 

UJ 

CO 

CO 

Ld 

a: 

CL 

x 

Ld 


z 

< 

UJ 

2 

z 

< 

q 

tr 

UJ 

2 

I— 

if) 

UJ 

$ 

o 

if) 

r- 

Q 

u 

£ 

O 

D 

Z 

CO 

< 

cr 

D 

O 

X 

u 

z 

o 


CO 

a 

o 

cr 

u 

a. 


w 

w 

o 

cr: 

z 

o 

h- 

o 

UJ 

cr 


C\i 

st 

(D 


on 


(O 

CO 

u 

U 

O 

D 

CO 

cr 

o 

lx 

<f) 

Id 

o 

< 

cr 

id 

> 

< 

Ld 

cr 

< 

cO 

UJ 

D 

_J 

< 

> 

cr 

< 

D 

CD 

< 

H 


st 

CM 

CO 

2 

* 


I 

I- 

O 

z 

UJ 


Dtl 

i—i 

I 

yz 

►—i 

Ld 

Z 

_J 


a 

cc 

< 

T; 

CO 

<L 

M 

h- 

z 

UJ 

Z 

o 

a. 

2 

O 

o 


o 

F - 
O 
c . 


id 

I 

I- 



ro 


ro 


co 


CVJ 


00 00 fH CO 03 
ID <0 <0 CO CO 


to ** o* oj 
t* c- r- a> 


t- 03 CO 01 <D 

oo oo o- r- 03 


o cp c- 


to 


CO O O CO s* 

^ in ^ co co 


cS 


co co to in 
oo r- o* oo 

H H H H 


(O ^ h O ^ 
00 N O) CO 


cd 


St CO 

tO CO tO 


^ O CO CO co 
in o* co co co 


^ oo O) co 00 
oo co t> o- oo 


st co co st <o 
cd o oo st co 


ao in co 

LO 00 co 


03 o co o cn 
LO UO LO o co 


CO CO lO 00 LO 

cd r- cd o- cd 


o co 03 co to 

CD [D 00 CM LO 


st O CM 
uj st o 

f—< ,rH 03 


CO CO CO ^ 
O CO CO co o 


CO CD co CO co 

CD [> O CD CD 

OJ H rl H H 


st 00 O LO LO 

o in oo in h 

(\1 rH H H H 


st CM st 
st UJ UJ 
H H «H 


CO CO O CO CD 
00 LO O UJ CO 


03 co m ^ oo 

CD o 00 00 oo 
rH i—I rH i—l rH 


00 st CM O CO 

03 O) H 00 ^ 

CM r—I 03 H H 


O H ^ 
03 CO t> 

rH rH rH 


CD CO 03 rH O 
00 co CO 00 CO 


st lO sf CO CO 
CD 00 CD 00 CD 


UJ st O CO st 

co o ^ o in 

03 CM 03 03 rH 


LO CO CO, 

UJ st O 


to m co o ^ 

CD 00 CO O 00 


03 L0 O CO CO 

00 O 00 00 rH 

rH CM rH rH M 


LO 00 st st st 

00 CM st U) st 

rH CM CM CM rH 


o o oo 

UJ o CO 


00 st CO CM CO 
CD 00 00 CD 00 


00 O UJ CO 00 

CD O CO O CM 

H CM rH CM CM 


CD st O O st 

CM H 03 co in 

CM CM CM Ol H 


O L0 CD 
st CO O 


O O CM CM 00 

CD O O O CD 

rH CM CM rH rH 


O M 4 UJ M* H 

rH rH 00 CM CO 

CM CM rH CM CM 


O cO lO O st 

-00 CM CD st 00 

CM CM rH CM rH 


O uj O 

00 CD O 
rH rH CM 


(O O CO 00 ^ 
00 CD O CD 00 
rH i—( CM rH i—I 


UJ UJ O rH O 

O O rH rH st 

CM CM CM CM 03 


^ O ^ UJ O 

rH CM O CM UJ 

CM CM CM CM rH 


CM O st 
O 00 O 

03 rH rH 


co o CO o o 

CD UJ O 00 00 

rH CM CM rH rH 


O st O O CM 

00 CD st CM UJ 

rH rH CM CM CM 


UJ CO st st CM 

CO rH O CM O 

03 CM CM CM CM 


o o 

CO CO M 4 

i—I i—I CM 


rH O 00 st O 

O o CO O 

CM ‘ 


rH O o O UJ 
00 O CD CD CO 

i—l rH i—I rH CM 


O CO O O co 

oo o o co co 

rH 03 CM rH rH 


LO CM o 
st CM O 


CO [> CO O ^ 
rH CO UJ ’M 4 


LO CM st UJ co 
st UJ st UJ CM 


03 O UJ 00 CO 
^ Ol 03 UJ O 


st st st st 

O 00 CD H 4 rH 

i—I rH i—I i—I 


CO co CD 00 O 
CM st CM rH CO 


CO UJ UJ O CO 
o n) 00 H OO 


UJ O O UJ ^ 
O rH co CM CO 


UJ CM H 4 CO O 
M CO st CD CO 


UJ L0 o CO o 
O M 1 tO M 4 °0 


UJ CM 00 O CM 
CM CQ CM UJ st 


00 UJ st r O CM 
ro M 4 UJ CM M 4 


UJ O co UJ o 
st O CO CO 00 
i—I CM i—I i—l 


st st " 'O O 

UJ UJ 11. co-^o 


^ O co o 

uj n u ^ uj 


CO 00 O CM CO 
F- ro O CD 


CO CO CM M 4 f D 
UJ Wj (O [> UJ 


uj o o (D ^r 4 

Uj O CO UJ ^t 4 


M 4 M 4 CM ^ U 

CO o o : o 00 


CM CO O O O 
cO O O r O cD 


CO CM CO 00 CO 
ro H u CO O 
rH CM I—I I— 1 I—• 


O UJ CD rH 

r- cd i> r- 


(M 

CM 


rH UJ LO 
UJ UJ ^ 


St (SI st co 00 
UJ 00 O UJ CO 

,—l rH r—l I —< I—l 


GO rH CO rH O 4 

uj o o r- 'D 


00 CM CM H 4 rH 
o o O CO UJ 


O 00 o 

st H 4 UJ 


st CO st CD <D 
UJ CO st st UJ 

■—l r—l i—I i—^ rH 


CO CM O CO r D 
cO U 00 U CO 


UJ CM CM o UJ 
(J0 u u u UJ 

f—l I—I r—I I I < I 


st UJ UJ 
St 4 CO UJ 


st CO 'X) st st 
UJ St 4 st O CO 


O o 

O st 


O M 4 M 4 

00 o u 

rH rH r H 


St oo CD UJ <D 
GO CO O co UJ 


UJ st UJ 
UJ UJ UJ 

rH i—l rH 


CO st st o O 
Uj st CQ O st 


st st UJ st 

O O 00 to CO 

I—l r—I I—I i—l »—l 


(D CM O O CM 
a) aj u- uj st 

rH rH rH f—If—< 


CO O 00 

UJ st UJ 

I —I I—I I—I 


<0 

00 


o 

00 


o 


CO 

UJ 


CO 

CO 


o 

00 


o 

CD 


00 

00 


UJ 

CD 


00 

00 


o 

CM 

o 

• 

UJ 

• 

• 

CM 

O 

O 

CD 

i —l 

CM 

• 

st 

• 

• 

CM 

rH 

UJ 


i—1 

r—l 

• 

rH 

• 

* 

rH 

i—1 

rH 

O 

00 

st 


O 

, 

. 

00 

00 

CD 

i—l 

o 

O 

• 

UJ 

• 

• 

CM 

CD 

rH 

rH 

!-1 

i—1 

• 

rH 

’ 


rH 


rH 

st 

o 

CO 

• 

o 

• 

• 

00 

CO 

CO 

i—l 

UJ 

i—1 

• 

CO 

• 

• 

1 —1 

rH 

st 

rH 

f—1 

r H 

• 

rH 

• 

• 

rH 

i—1 

rH 

CO 

CO 

CM 


CM 

• 

. 

CM 

st 

UJ 

UJ 

UJ 

UJ 

• 

00 

• 

• 

CO 

st 

UJ 

1—1 

1—1 

1—l 

• 

rH 

• 

• 

i—l 

i—1 

i—1 


o 

CO 

CO 

• 

LO 

• 

• CM 

o 

CO 

st 

LO 

St 

• 

O 

• 

• O 

st 

UJ 

i— l 

rH 

1 — 1 

• 

CM 

• 

• rH 

rH 

i —i 


CM 

o 

CM 


00 
f -1 

CM 


O 

UJ 

CM 


UJ 

CM 

CM 


CM 

CM 


• o to m 

• <0 to to 

• r^i 


CD CD rH O CM CM 
(O <0 U (0 ID lO 


• CO CO 00 

• lO U lO 

• rH rH rH 


o co to cm co 
H u to u ^ ^ 

CM rH rH rH rH H 


• CD 

• tO CO tO 

• rH rH rH 


O (O CO O st 00 

CO CO CO 00 CO l/J 

CM rH rH rH rH rH 


• CO CO IO 

• to CO LO 


rH UJ CM O st UJ 

UJ CO St U) UJ CO 

CM rH rH rH rH rH 


• 00 CO rH 

• LO CO CO 

• rH i—If—I 


t> CM CM o CO St 

UJ CO UJ CO st 

CM rH rH rH rH rH 


• O CO CO 

• CO LO CO 


O 00 o O CO CD 

CM lO to CO U UJ 

(M rH rH rH rH rH 


UJ O CM 
CO CO CO 


st CO CM O CO CD 

O UJ CO CO UJ O 

CM rH rH rH rH rH 


St U) O 

OOO 


CM O O CD UJ O 

oo o oo co r- co 


O CO st 
00 CD U 


00 UJ 00 00 00 CM 

00 CD St CD 00 CO 

rH rH CM rH rH rH 


O CM co 
O CD O 


CO CM UJ st st 
OrHrHCMO 
CM CM CM CM H 


st UJ O 
CD 00 t> 


st CM O UJ UJ 00 

U- CD 00 st CO 00 

i—I rH i—l CM rH rH 


UJ LO UJ 

ao oo o 


st st o o CM CM 
u o cd uj n oo 

rH CM CM rH I— I 


O O O O St 00 

u O 00 CM U to 
i—I CM CM CM > I 


UJ rH O O CD lj 
rH UJ Q O st CD 


co 00 o o o o 
GD o CM CM O CM 


, CJ ^ CO UJ O st 
' (fjNi rH CM CM CM 


CO UJ UJ UJ 00 st 
st [> CM UJ 'CM st 


st O CO st UJ CM 
UJ 00 U0 00 UJ UJ 


st CO CO 

cO st UJ 


UJ st st UJ 00 'CO 

UJ CO O CO UJ st 

r-H r—H rH rH i l 1 ^ 


st rH UJ 
CO LO UJ 


O CO st CM O st 

uj oo u U m st 

i—i i—< i—i i—i '—i i * 


CD O UJ 
st UJ st 


UJ CO rH UJ UJ rH 

uj oo r- cd uj uj 


O LO st 

co uj 


UJ CD st CD CD 
to 00 U H U J st 


lO 

CO 


D CO CD 

CO lO O 


GO CD (M rH CXJ LO 
(yj rD (> ^ UJ st 


CM UJ st UJ 


CO U 00 CD O 


rH CM UJ St UJ 

r—l <—l rH i —I i—l 


cD O <X> CD CJ 
rH rH i—1 i—l CM 


rH CM UJ st LO 
CM CM CM CM CM 


co o 00 (D O rH 
CM CM CM CM UJ UJ 


CD 

CO 


O 

00 


UJ 

o 

CM 



UJ 


CM 

UJ 


CM 

'UJ 


st 

-D 


-o 

rH 


CM 

cO 


cn 

z 

< 

Ld 

5 


295 
















EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


S H 

H <0 
< UJ 
O $ 

9 o 

2 it) 


|T < 

u y 

O o 

x z 


cr: i 


S 2 


uj O 
D 


O uj 

> > 

-J if) 
-J if) 


if) 

i tr 

h p 
z u - 
u 

h- <0 


a ? 

a: ^ 


n. r- 

t; i 

C£ (O 


I <0 
h~ I 

z & 

UJ - 

2 *> 
O i 


o * 

O I 


^ ip O H ^ rH 

to to <o <5 co r- 


CD o rH CO 

to id id co r- 


CO to OJ CM CO 

to ^ co co r*- 


00 CD co CO ID 
CO CO ID CO CO 


lO CO CM CM CO 
li) ^ lO C^ lQ 


^ CO CO CO 
^ rf LO CO LO 


00 to O to CM 
co lo co r- o 


ID ^ 00 CO O) 
^ CO CO CO 00 


co co CO CM 00 

LO CO [>- CD CD 


ID O CO CO CO 
LO h LO 00 00 


LO O CM M 1 ^ 
^ O ID l> CO 


LO O O CO co 
^ CD co co 


CM CM CM CO CO 
r- o lo o 


0 to LO co LO 
CM tO lO lO CO 


CO to ^ LO 00 
H LO CO ^ 


^ O O CO ^ 
CM CM CM LO 


C3 H lO CM O 
H tO CM CM CO 


CM 00 O CO CM 
CM H H CO 


CO ^ ^ 
^ O LO 


O O lD 
LO O co 


r- ^ o 

^ CO LO 


O ^ CO 
^ LO CO 


CM 

1D CO 


Tf ^ to CO 
^ ^ O CO 


CO CM CO CD CO 
to LO M 1 lO 0 


r- a> co oj id id 

r- oo cd <o 


O 00 CM 
CD CO ID IN 


O ^ CO ^ 
r- co co t> 


co ^ co 

O- LO CO ID 


LO 

LO 

CO 

LO 

• 



CD 


o 

CM 

o 

o 

i—1 

• 

• 


o 

o 

CD 

»—1 

rH 

1—1 

rH 

• 

• 


rH 

f—1 


O 

o 

CM 

CO 

• 

• 


CO 

CM 

O 

CD 

1—1 

O 

00 


• 


o- 

CD 

ID 

i—1 

rH 

i—1 







i—< 


CO 

CM 


• 

• 




00 

O 

CD 

O 

CO 

• 

• 


t> 

CD 

CD 

rH 




• 

• 





CO 

CO 

o 


• 

• 


ID 

CM 

CM 

00 

CD 

CO 


• 

• 

• 

• 


CO 

o 


CM 

CM 

CM 

LO 

• 

• 



CM 


00 

00 

CD 

LO 

• 

• 



LO 

CO 

o 

O 

LO 

O 


• 

• 


LO 

o 

o 

CO 

o 

00 

D 

• 

• 

• 

• 



LO 

00 

CO 

o 

CM 

CD 


• 


LO 

o 

LO 


LO 


ID 

• 

• 

• 


CM 


CO 

O 

LO 

O 

CO 

• 

• 


o 


CM 

O 

CO 



• 

• 

• 


t> 

ID 

CO 

a 

LO 

CM 

O 


• 


LO 

CO 

O 

r- 

00 

00 

l> 


• 


00 

CO 

00 

00 

o 

LO 

CO 

• 



LO 

CO 

o 

00 

CD 

00 

CO 

• 

• 



00 

l> 

CD 

o 


o 

O 




CD 


CM 

CD 

00 

o 

LO 


• 


t> 

o 

O 

CO 

co 

1—1 

LO 


• 



1—1 

o 

CD 

00 

i> 

CO 


• 

• 


o 

o 

o 

LO 

CM 


00 

• 

• 



CO 

CO 

00 

00 

r- 

LO 

• 

• 



co 

CO 

CO 

00 

co 

ID 

co 




CM 

o 


00 

00 

r- 

o 

• 



o- 

o 

o 

o 

CM 

•—i 

rH 

• 



o 

CO 

LO 

cr» 

CD 

o 

lO 

• 

• 



o 

o 

o- 

rH 

CM 

tD 


lO 

CO 

o 

00 

CD 

o 

r—1 

i—1 

i —i 

r—1 

rH 

rH 

rH 

1—l 

i—1 

CM 


• CM H CM O tO CD CD ^ 5 ? ^ H tfi 

• ^ Jv <0 <0 t> 10. ID V ^ 10 U) v 


co r- cd 
ID co 


^ CD CO 

co co 


00 ’M 1 

CO O LO 


co in ^ 

CO 00 lD 


^ CD CM 
O O lO 


O h to 
ODD 


CO CD CO 
0 0 0 


^ O ^ 

oo o co 


CD CD O 
O CD l> 


CD CD CD CO CD 
ID <0 ID C*- 


^^000 
tD ID ^ tO 


CO ^ ^ CM 
M 1 0 0 h 0 


CO CO CM 
CD CO CO ^ LD 


LO CD CO tD tC 
CM LO CD LD 0 


^ O CO CM co 
^ H 0 tO 


CO O CO CO CD 
co 0 CM CO CO 


^ CM ^ 00 H 
^ CO ID ^ ^ 


CO CO 00 CD 
•«t ID ^ CD ^ 


to O CM H CM 

CO ^ ^ ^ 


H H U 0U C v * 
^ ID iD CD CD 


CD ^ CD ao 
CM 0 0 tO tO 


0 CO O ^ CO 

to 0 ^ 0 CO 


0 (D oo ao 0 

0 0 0 0 0 


^^000 oo M 1 ao oo 

00 (Q c D 1 O 0 0^00 


O ^ CO CD oocoocor- 

00 O 00 LO LO 0^000 


^ CO ID co CM O ^ O CM 0 

00 00 Tf CD LO 0 (D H t> 0 


00 O LO O O 
00 CD ID (D 00 


0 CD 0 
ao o cd o co 


CM o O O 
LO LO CD CO co 


00 00 LO CD CM 
^00^0 


^ CO O CM 00 
CD CD CD 


0 O 0 CM 0 
^ 0 ^ 0 CM 


CO 00 o CO CM 

CD O- CD ID 


CM 0 0 M 1 ^ 
CO CO O CO 


ID CD CM O CO 
0-0 0-0 0- 


O M 1 0 CM 

o O O CO co 


^ o no o co 

O O O ao co 


CO O oo CM D 1 

0 0 0 0 0 


LO <sT 00 ^ rH 
^00^0 


L0 CD O O ^ 
co co O co co 


^ O CM (D O 
LO O tD 00 


0 0)0^0 
O LO o o ^ 


00 CM CM ^ CM 
'M 1 0 CM 0 


O 00 CO 00 co 

0 CM CM H H 


O O ^ 00 o 

LO CM CM 


CM M 1 O 0 

CO CO CO 


ID O CM ^ CD 
H H ^ ^ 0 


CO CO ^ o 00 
^ 0 0 0 0 


^ CO CM O LO 
0 lO 0 0 


^ 0 CM 0 0 
0 0^0^ 


O O lo o ^ 
LO LO D co 


CM ^ CM 0 0 
0 M* CD 0 0 


00 CD O O ^ 
^^000 


^ O rH CO ^ 
0 0 0 0 








EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


CD 2 


cc 

w 2 

m < 

w w 
£ 2 
» 2 
< 


2 

CO 

to 


to 

00 

a 

CO 

• CO 

rH 

CM CD 

00 

o 

• 

• 

• 

rH 

<0 

CD 

CM 

<0 

to 

CO 

rH 

to 

to 


rH 

in 

in 

< 

in 

in 

co 

m 

CO 

CO 

to 

• ^ 

in 

uj 

X* 


• 

• 

• 

in 


in 

to 


CD 


in 

in 


N 

CD 

CD 

in 

U1 

5 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

rH 

rH 

rH 

• 

• 

• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

St 

O 


CO 

LO 



00 

• rH 

to 

rH 

CD 

O 

00 

• 

• 

• 

CM 

rH 



a> 

O 


lO 

CO 

00 

00 

CO 


r- 

<vi 

m 

in 


CO 

CO 

CO 


• in 

in 

CO 

CO 



• 


• 

in 

CO 

CD 

LO 

lO 

LO 


00 

LO 

rH 

ID 

CO 

CD 

LO 

til 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

rH 

rH 

i—1 

• 


• 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

n 


o> 

CO 

CO 

CO 


O 

• CO 



O 

CO 


• 


• 

CO 

CM 


CO 


CD 

LO 

CM 

r- 


CO 


CD 

CO 




LO 

in 

r- 

CO 

LO 

• ^ 





in 

• 


• 

to 


CD 

LO 

CO 


CO 

CO 

LO 

CM 

m 

LO 

CD 

LO 

RJ 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

rH 

rH 

rH 

• 



rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

f—t 

rH 

rH 

(M 

rH 

00 

rH 

CO 

O 



• O 

CD 

o 

CO 

LO 

CO 

• 

• 

# 

O 

CO 

CO 


LO 

CD 

r- 

lO 


LO 

r- 

00 

O 

r- 

CM 

LO 


LO 

CO 

CO 

cO 

LO 

• 

CO 

CO 

CO 


CO 


• 

• 


LO 

CO 

to 



CD 

LO 

ID 

CO 

ID 

ID 

r- 

L /3 

cvi 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

rH 

i—1 

rH 


• 

• 

rH 

rH 

rH 

i—1 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 


O 

CO 

CO 

to 

CO 

t"- 

rH 

• CM 

CO 



CO 

00 


• 

• 


a 


CO 

00 

CO 


LO 

00 

CO 


CD 

00 

CO 

\M 

O 

LO 



O 

LO 

CO 

• ^ 

LO 

a) 

CM 


1/3 


• 

• 


i> 

00 

CO 


CD 


CO 

LO 

CM 

CO 

LO 

CD 

CD 

1 

o 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

• r—1 

rH 

rH 

rH 

rH 

rH 


• 

• 

rH 

rH 

1—1 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

O 

CM 

CO 

LO 

CM 

CD 


O 

• o 


LO 

CM 

C <3 

O 



• 

LO 

LO 

CD 


CM 

00 

CM 

CM 

CO 

i —t 

O 

CO, 

CO 


CM 

CO 

LO 

LO 

CO 

O 

CO 

O 

• 1/3 

t> 


LO 

LO 

CO 


• 

• 

LO 

in 

00 

CD 


00 

LO 

CD 

in 

rH 

00 

co 

CO 

CD 

1 

0> 

rH 

rH 

rH 

i—1 

CM 

rH 

i—1 

• rH 

rH 

r—1 

i—1 

rH 

rH 


• 

• 

i—1 

rH 

rH 

rH 

rH 

rH 

i—i 

rH 

rH 

CM 

i—1 

1 —t 

1 —1 

f—1 

O) 


CO 

CM 

00 


CM 

00 

• ^ 

CO 

o 

rH 

LO 

00 


• 

• 

o 

CM 

CD 

CO 


LO 

CD 

O 

CO 

CD 


00 

CM 

to 

— 

LO 

CO 

CO 

CO 

o 

CO 

CO 

• ^ 

LO 

X' 

CO 


CM 


• 

• 

LO 

LO 

O 

LO 

CO 

rH 


LO 

LO 

CD 

CD 

00 

O 

CD 

I 

<0 

rH 

rH 

i—1 

1—1 

CM 

rH 

rH 

• rH 

rH 

rH 

i—1 

rH 

rH 



• 

i—I 

rH 

rH 

rH 

1—1 

CM 

rH 

rH 

1 —I 

rH 

rH 

rH 

i—t 

i —t 

oo 




CO 

O 


00 

• o 

O 

CD 

o 

LO 

CO 



• 

00 

00 

o 

CO 


CM 

t> 

O 

00 

CD 

O 

LO 

CO 

to 


CO 

o 

0- 

r- 

o 

O 

r- 

• to 

o 

LO 

o 

LO 

CO 



• 


CO 

o 

CO 



CO 

o 

CO 

00 

CM 

O 

o 

o 

1 

r- 

rH 

i—1 

1 —i 

rH 

CM 

rH 

rH 

• rH 

i—1 

rH 

rH 

rH 

rH 




1— \ 

rH 

f—t 

rH 

rH 

CM 

1—1 

rH 

rH 

i —1 

CM 

CM 

CM 

rH 

r- 

o 

to 

o 

CO 

00 

rH 

O 

• 00 

CO 

CO 

00 

00 

CO 





CO 

LO 

LO 

CM 


CO 


CO 

CO 

O 


CD 



o 

D- 

00 

o 

CD 

CD 

CD 

• o 

00 

CO 

o 

00 

CO 




CO 


LO 

l> 

LO 

rH 

to 

00 

CO 

00 

00 

O 

(D 

o 

i 

LO 

rH 

r—1 

rH 

rH 

rH 

rH 

i—1 

• 1—1 

rH 

rH 

I—1 

i—i 

rH 




rH 

1 — t 

rH 

rH 

i — t 

CM 

1 — 1 

rH 

rH 

i — 1 

rH 

CM 

i — 1 

1 — t 

(£> 

00 

LO 

o 

CM 

(D 


CM 

• CO 


CM 

o 

LO 

00 




00 

CO 

CO 

o 

LO 

CO 

rH 

CD 

o 

00 

CD 

f —i 

O 

rH 


CO 

o 

o 

o 

CO 

o 

00 

• CM 

00 

uO 

o 

CD 





o 

CO 

LO 

o 

LO 

00 


o 

00 

o 

CO 

00 

00 

O 

i 

iO 

rH 

i — 1 

rH 

1 — i 

i —< 

rH 

rH 

• rH 

I — 1 

rH 

1 — 1 

rH 

i — 1 




rH 

rH 

rH 

1 — 1 

rH 

rH 

I— t 

rH 

1 — 1 

CM 

i — 1 

1 — t 

rH 

rH 

if) 


CO 

CO 

CM 

to 

O 

O 

• 00 

CM 

CM 

co 


o 




o 

LO 


lO 

LO 

O 

LO 

CD 

o 

i — 1 

O 

CT> 

CD 

GO 


CO 

o 

o 

CO 

CO 

00 

co 

• 00 

00 

00 

o 

o 





CD 

o- 

CD 

o 

CO 


CD 

CD 

CD 

CO 

CO 

O 

GO 

X 

1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

• rH 

rH 

rH 

r — 1 

rH 

rH 




i — t 

r — 1 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

C - 1 

i — t 

f- \ 

Tt 

o 

CO 

to 

CM 

LO 

LO 

CM 

• CM 



CO 

CO 

00 




CM 

CO 

O 

CM 

LO 

O 


LO 

CO 

CD 

CM 

to 

rH 



co 

CD 

00 

o 

to 

o 


• 00 

00 

00 

o 

o 

CO 




CO 

CO 

(—1 

r- 

O 

to 

O 

o 

LO 

00 

LO 

00 

CD 

o 

1 

n 

1—1 

rH 

rH 

1—1 

i—1 

rH 

(—1 

• 1—< 

rH 

i— i 

(—1 

f—1 

rH 




rH 

i—1 

CM 

rH 

rH 

!-1 

rH 

rH 

rH 

rH 

CM 

rH 

i—t 

rH 

co 

o- 



rH 


LO 

CM 

• r- 

1/3 * 

o 

00 


O 




LO 

CM 

00 

LO 


o 


o 

' o 

CD 

CD 

00 

CD 

t—\ 


CO 

00 

CD 

CO 

CO 

o 

1/3 

• 00 

CD 

3 


to 

to 




LO 

O 

CD 

O 

CD 

o 

CO 

1/3 

rH 

O 

CM 

o 

LD 

o 

i 

CM 

rH 

rH 

i—1 

i—1 

rH 

rH 

1—i 

• rH 

i —1 

i —l 

1—1 

rH 

i—1 




i—1 

i—t 

i—1 

!-1 

rH 

rH 

rH 

rH 

CM 

i—t 

CM 

rH 

rH 

f—1 

(M 

1 1 - 

o 

cO 

LO 

CM 

CM 


O 

• CM 

CO 

CM 

CO 

o 

CD 




to 

CO 


LO 

CO 

o 

LO 


O 

I> 

O 

CM 


CD 


sj 1 

CO 

CO 

LO 

LO 

CO 

LO 

• CD 


CO 


to 

CM 




to 


rH 

CO 


o 

to 


CD 


CD 

to 

CD 


T 

1—1 

1—1 

i—1 

rH 

i—1 

rH 

rH 

• i—1 

rH 

i— i 

I—1 

I—1 

i—1 




rH 

i—1 

rH 

rH 

rH 

CM 

1—1 

rH 

i—I 

»—l 

i—l 

i—1 

1—t 

rH 


CO 

LO 

CO 

o 

1- \ 

o 


• vO 

CO 

r: 

o 

L /3 

O 




o 

LO 

to 

o 


CM 

o 

CD 

O 


O 

CM 

o 

GO 

— 

o 

to 

CO 

CM 

to 

cO 

1/3 

• 

rH 

to 

to 

1/3 





to 

to 


to 

CM 

00 

CO 


CM 

to 

to 

CM 

CM 

to 

i 

o 

1 —1 

rH 

rH 

rH 

r—1 

r—1 

rH 

• rH 

i—1 

i—i 

rH 

i—1 

i—1 



• 

1—1 

rH 

i—1 

rH 

rH 

I—t 

rH 

i—t 

rH 

1—t 

1—1‘ 

f—I 

rH 

f —\ 

/“\ 

o 

00 

CO 

LO 

o 

cO 

CO 

• CO 

o 

O 

o 

CM 

CO 



• 

CM 

CO 

o 

o 

LO 

CM 

CO 

LO 

CD 

o 

CM 

LO 

CD 

r- 

V-/ 

CM 

00 

to 

rH 


CM 


• CM 

CD 

r—1 

to 

Li 3 

rH 



• 

to 

i — I 

LO 

CM 

i — t 

CM 

rH 

CD 

to 

o 


CM 

CM 

CM 

1 

a\ 

rH 


rH 

rH 

rH 

r — 1 

rH 

• i — 1 

rH 

rH 

1 — 1 

i — 1 

i—1 




rH 

rH 

1 — 1 

i — 1 

i — i 

rH 

rH 


i — 1 

1 — 1 

i — 1 

rH 

i — 1 

r —^ 


o 

cr 


o 

UJ 
h- 
< 
o 

z in 

— r- 

< 


h- 

(/) 

LJ 

$ 


w 

cr: 


z 

o 

h- 

o 

u 

cr 


CM 

if) 

2 


x 

h- 

O 

z 

Ld 


H 

< 

O 

o 

z 

</) 

< 

cr 

3 

O 

X 

u 

z 

o 


CO 

Q 

O 

cr 

Ld 

CL 


K 

CL 

Ld 

U 

X 


CO 

o 

u 

(O' 

Ld 

D 

_J 

£ 


(0 

k 


O u 

> > 

if) 
if) 
Id 

O 
O 
3 
if) 


3 


Ld 


U. 

O 

if) 

X 

f- 

z 

Ld 


o 

U 

CO 

CO 

Id 

cr 

x 

X 

Ld 


cr 

O 

x 

CO 

Ld 

o 

< 

cr 

Ld 

> 

< 

Ld 

cr 

< 

if) 

Ld 

3 

3 

< 

> 

a 

< 


CO CO O ^ (D 
^ W Tf H (M 


GO O 
i—l CM 


lO CO 
CD i—t 


CO o 

CO rH 


LO CO 

i—I i—I 
rH rH 


CD O 

O H ^ 


CM LO LO CO 
CM CM CM ^ rH 


C O ^ ^ CO CM 
O O tO CM ^ 


CM LO CO CO CO 
CM CO CO O CO 


LD CO 
CM CO 


CO CM 
rH a) 


CO o 

to CO 


O 00 


CO CM LO 
^ CM CO 


O- X CM O 
rH CM CO CO CM 


CM ^ O C 3 O 
CM CM L/3 LD CO 


LO H CO O CO 
CO CO CO LO LO 


GO O 


CM ^ 
CO CM 


O CM CO ^ 
[O LO M 1 


CO CM CO 

id to lo 


lD X O lO 

^ ^ lO CM 


CM O lO O cO 
^ CO 1> LO CO 


CM 


O 

CM 


C^ 


rH 3 
CD 

oc < 

Cd f— 

aO 

: ; u 

^ i 
r> h- 


CO O rH CO 
00 ^ CO CO 


lO ^ 


^ CM 


vt CD 00 00 
^ ^ ^ tO 


CD O 

LO CO 


lO CO CM CM 00 
LO ^ LO 1 > LO 


tO CM 00 M 1 M 1 
LO LG 00 lO O 


O cO cO CO Tf 

co o kj t> 


o 

LD co 


o o 

lO CO 


D 03 o CD 

^ ^ to CM 


CO O ^ 
lO lO ^ 


CO CM ^ tO O 
LO U) Ld co LO 


o co LO ^ CM 
LO LO 00 co O 



o 

CD 

to 

LO 

LO 

rH 

CO 


00 

00 

X 

CM. 

X 

o 

• 

. ' 

• 

o 

L /3 





o 


O 

CD 

X) 

• 


to 

’tT 

LO 

CO 


• 

• 

• 

X 



i 

n 

r—t 

i—t 

rH 

i—t 

i—t 

rH 

1—1 

* 

1 —i 

i —1 

i —l 

1 —1 

I—1 

1 —1 

‘ 



1 —1 

1—1 

i—t 


r—t 

CM 

(D 

CM 

CO 

cr) 

t> 

. 


rH 

ID- 

O 

CM 

X 

. 

. 

. 

CD 

O 

LO 

n 

1/3 

LO 

CD 


t> 

LO 

LO 

« 

U) 

1/3 

vt« 

ti) 

vt 

to 

• 

• 

• 



to 

i 

0J 

rH 

rH 

i—t 

r—t 

rH 

rH 

1 —1 

* 

1—^ 

t —1 

rH 

rH 

i—1 

rH 




i—1 

f—1 

1—1 


CM 

LO 

CD 

CD 

O 

CM 

CM 

, 

to 

CD 

X 

L /3 

i—1 


. 

. 

• 

CD 

CM 


(\l 

CD 

1/3 

cD 

■D 

r- 

CO 

CD 

• 

1/3 



L /3 


LO 

• 

• 

* 

LO 



1 

rH 

r—1 

1 - i 

rH 

i—t 

i —i 

rH 

• 

rH 

r—l 

rH 

rH 

rH 

i —1 

• 

• 

• 

i—t 

r—1 

rH 


CO to (0 O O 
u: id lo co Ld 


CO c 0 O CM ^ 
^ ^ d li 3 X) 


tO CM tO 00 M 1 
Li 3 LO ^ CM ^ 


CO ^ CO X) CM 
LT 3 


00 o CO 00 co 
CM LO ct H ^ 


^ X O) co 

^ St 00 LO CO 


cd td 03 co 

lO co lo CO 


vr cm 

CO LO 

i —< r—t 


to 

LO LO 


O O co co 

co co cm 

i —"L i—I (—I i—I 


00 CD 

lo LO O* 


^ M' CO t^) ^ 
lO LO d to Ld 


Li 3 ^ ^ CO c > 

LO O LO 

H H CM H H 


CM tO ^ LT3 


O 0- 00 f'D O 


-h CM d Ld 


O h 00 03 CD 
i—( i—I i—I i—l CM 


H CM to ^ lo 

CM CM CM CM CM 


CO O 00 (D O 
CM CM CM CM CO 


X 
ii 3 


li '3 

lD 


to 


rH 

Li| 

rH 


t<3 

u) 


tO 


if) 

Z 

< 

Ld 

5 


297 
















EARTH-CURRENT POTENTIALS AT HUANCAYO MAGNETIC OBSERVATORY 


3 _ 

a ? 

§ 

S 2 
a 2 

a 5 


Q 

U h- 
h- <0 
< Id 

O $ 
2 o 

z ^ 


& y 

u o 
x z 
u — 


z (0 

Q T 

h* £ 

tr i 

— CO 


in 

CX) 


D 

-J CO 

< D 

T 2 

I tr 

CO 1x1 
h CL 
_J 

O Id 
> > 

-J to 
-J CO 


(0 

i cr 

I- o 

z u - 

UJ 

h- 

Ld 

Z q 


CO ^ 
CO 


^ D 

CD cD 


SUL 




a °o 
3 ^ 


I CO 
h- i 


£ ^ 
O I 


t$ to 3* 5f 8 

§ 5^ 5* tS 5 

O to 00 O) N 

CM CO (0 


Tf* CO td CO CM 
H CO CM ** 


00 00 CD CO H 
CO CO ^ ^ 


CO to to 00 o 

rt ^ ^ CO 


o to to ^ to 

CM tO 


to co o a) o 

CO CO 00 ^ 


in co in in cm 
co co m to 


O ^ to 00 LO 
CO CO 


HO O 

m ^ co 


O ^ CM 
Kf ^ CO 


O O O 
C^ ^ ^ 


CO ^ CD 
CO 


to ^ o 

CM ^ CO 


CO CM ^ 
CM CO H 


co in oo 

CM CM 


CO O 10 M* 00 
CO ^ CO CM H 


O 00 ^ ^ O 
in m ^ ^ m 


cm co ^ ^ m 
m m m m ^ 


^cocor-r^ 
m ^ ^ co 


t> o co m ^ 
co ^ ^ ^ co 


^ in co in co 
^ cm ^ co 


comcMcoo 
CM ^ CO CO 


^ CO ^ CM CO 

^ cm ^ in co 


H CM to ^ lO 


S 3 S 8 




tO to H 

^ to in 


in to o 

CO ^ ID CO 


in co co 
co co co co 


0 s * CM tO O 
^ CM CM in 


^ ^ CM 

in co co ^ 


o in ^ oo 
m ^ co in 


^ co H c^ 
^ <4* ^ co 


to CM to iO 
^ o m cn 


:J£38 

4 

* 00 co to H 

* ^ in ^ 

* 

: 5 ! 5 5 ! 3 


c-* ^ m cm 
cm co co co 


O CO o to 

CM CO CO CM 


H CO CO H 
CO ^ CO CO 


CO Q O 00 
^ «M* CM 


O H O 
in in co co 


cm 00 r- co 

to 1/3 ^ ’T 


^ m ^ o 
to 00 to to 


o to in ^ 
cd -M 4 o co 


O CM O ^ 
00 co <x) in 


cd to o 00 
^ 00 I s - ^ 


O CM CM co 
^ O CM 


0 0^0 
H in co H 


to m co to in o o m 
H H CO CM CO CM 


^ O O CM 
^ ^ CM CM 


co ^ in co 
h m ^ ^ 


m co o c- 
CO ^ ^ ^ 


00 to CO lO 
co m m m 


co ^ co co 
co in in m 


O CM tO t'* 

^ in in in 


CD O 1 co 00 
co ^ in ^ 


H O tO 00 

^ m in ^ 


CO CM 00 

lo ^ m co 



* c^* ^ 

f co 

to c 

M to 

ao 

0) 

• to 

* 

• H 

00 

* m * 

• 

t CO 

a 

3 to 

to 

0 

♦ m 

* 

♦ ^ 





H 

• 

* 

* H 

H 


383 SSSPP 


«d* (0 <d* <0 C* <0 <4 <0 

a^ii) w 00 10 00 

sss sesss 


I 


<0 tO 

to ^ ^ 


to CM CM 

in to r- 


00 CO CM 
m ^ co 


c- h ^ 
in ^ cm 


Cj to H to to 

to tO CO CO o 


00 in 01 co 
co to r** o 


to to m o 
^ to r- to h 


co cn m 
co ^ m 


cm m in 
00 m 


h in o* 
cn o t> 


h co m 
co m co 


O) h O 
CO CO 


CM CO LO 

^ to H 


co ^ o 
co co 


LO CD CM 
CO CM 


O CM L 0 

m co 


o ^ co 
CO ^ CM 


^ ^ LO 

t> to 


00 CM to 
O CO CO 


CO o ^ 
O CO ^ 


to CO ^ 
co m ^ 


co CD CO 
co m ^ 


r- CM CM 
co CO ^ 


00 co 00 
CO CO M* 


co in o o cd 
CO to 00 CD CD 


in co o co o 
m h o 00 O) 


^ co in o o to ^ h 
00 co in coocdoooo 


O O tO CM 
in O H CD t> 
H H 


CM to c- t 00 
O O 0) CD 00 


o co o in o 
to CO CD 00 O 


o O 00 ^ 

00 ^ in or- 


in CM o M 4 CO 
co ao r*- m 


to CM O to M 4 
co h m to to 


O M 4 CM Q CD 
O CM 00 M 4 CO 


o o CO O H 

co cm 00 o m 


M 4 CM to 0) CM 
co m 00 00 c^ 


^ o m co o 
to m 00 00 o 


m m 00 00 co 
m ^ o r- r- 


CO ^ ^ CD CO 
^ LO 00 CD O 


in cm o cm co 
in 00 cd o 


CO ^ CM 10 H 
^ ^ 00 CD 


00 co O co CD 
to ^t 4 r^- 00 co 


00 
^ co 

H H 


CO * • H CO 

S • ♦ co 


CM • ♦ 00 CM 

* * co co 

* 4 H H 


H ♦ ♦ to CM 

• * CO CO 


• o co 

* CO 


CO O 00 CD O H CM CO ^ in CO oo (DO 

r-| ^ H H rl HrHHHCM CM CM CM CM CM 


H H 

CO 

O CM 

0 


CO 

H 1 —1 


00 O 

00 


m 

H rH 


CO 0 

(D 


m 

H rH 


^ CM 

00 


to 

H H 



(0 


z 

O H 

< 

to CO 

id 


2 




















EARTH - CURR E:nT potentials at huancayo magnetic observatory 


0) 

< 

a* 

UJ 

rH UJ 

2 

CC - 

jt 

1 •- 

<M 

£ 7 

N 

1*1 

o < 

<*> 

W UJ 

oj 

Q 2 

ai 

Z 

(M 

< 

(\J 

1 

g 

cvi 

cr 

— 

UJ 

<\j 

i 

5 

i 

o 

S h- 

OJ 

o 

H CO W 

CVJ 

1 

< ^ w 

1 

0) 


171 

172 

167 

164 

166 

179 

184 

185 

§ 

177 

179 

179 

179 

184 

183 

156 

169 

170 

171 

0) 

5 

181 

173 

180 

173 

173 


168 

• 

• 

• 

4 

4 

33 

CM CM 

|180 

0> 

o> 

CO 

03 



CO o 

O 

00 


00 

CO 

to 


O 

o 

to 

ao 

00 

o 

0) 


** 


rH 

• 

4 


CO 

00 



CO 

CO 

CO 

00 

CO 03 


o 



00 

03 

CO 

25 

r- 


c*- 

ao 


o 

to 

to 

c*- 


to 

♦ 

4 

in 

CO 


rH 

r-4 

rH 

rH 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

• 

4 

CM 

CM 

rH 

<0 

CD 

cO 



CO 

to 

00 

O 


00 


O 

to 

in 

to 

o 

C^- 

m 

O 

CD 

o 

CO 

rH 

tO 


CO 

4 

4 


CO 

CO 


C- 

CO 

00 

CO 

o 

00 

C"* 

03 

ao 

CD 

CD 

03 


r- 

m 

o 

r*- 

o 

00 

03 

ao 

l> 

O 

lO 


CO 

• 

4 

m 


ao 

r-4 

rH 

r-4 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

4 

4 

CM 

CM 

rH 

CM 

O 

o 

o 

00 

rH 

CM 


lO 

CM 


LO 

rH 

r- 

CO 

O 


O 

rH 


CO 

CM 

CM 

00 

to 


03 

4 

• 

o 


CM 


00 

lO 

00 

CO 

H 

00 

cO 

03 

I s - 

00 

00 

03 

aO 


CO 

D- 

t> 

to 

rH 

l> 

CV 

O 


LO 


CO 

• 

4 

co 

CO 

ao 

r-4 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 


rH 

4 

4 

CM 

CM 

rH 

CD 

CO 


o 

03 

CO 

LO 

CO 


03 

00 

CM 

rH 

00 


O 

CO 

m 

r- 

CO 

o 


CO 

CM 

O 


CO 

4 

4 

CO 

rH 

CO 

lO 

0 s - 

CO 

o 

O 

O 

03 

00 

03 

CO 

00 

O 

00 

00 

o 

CO 

C"- 

o 

o 

CO 



CO 

03 

03 


O 


4 

CO 


ao 

r-4 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i—4 

rH 

rH 

rH 


rH 

4 

• 

CM 

CM 

rH 



o 


03 

O 

o 

CO 

LQ 

03 

o 

rH 

O 

t> 

CO 

CM 

CO 

03 

O) 

O 

O 

CO 


I s - 

03 


CO 

4 

4 

iO 

CO 

ao 

cO 

00 

c^- 

o 

00 

CO 

rH 

o 

o 

o 

o 

CO 

o 

o 

00 

CO 

00 



CO 

03 

l> 

O 

o 

03 




4 

CO 


ao 

r-4 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

i—4 

CM 

rH 

rH 

rH 

i—4 

H 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

H 


H 

« 

4 

CM 

CM 

rH 

co 

o 

CM 



CO 

CM 

iD 

CM 

CO 

O 

LO 

o 

CM 

03 

00 

CO 

O 

in 

ao 



m 

o 



CO 

• 

4 

CO 

in 

o 

o 

00 

in 

C"- 

o 


O 

03 

O 

o 

o 

00 

00 

O 

O 

LO 

00 

00 

00 

o 

O 


co 

00 

03 


t> 

• 

• 

CO 

m 

03 

r-4 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

* 

4 

CM 

CM 

rH 

CO 

oo 


03 

00 

£> 


H 4 

O 

00 

LO 

o 

LO 

O 

CO 

o 

03 


CO 

CM 



CO 

CM 

o 


O 

• 

4 

O 

o 

CO 

O) 

00 

CO 


00 

CO 

03 

O 

03 

O 

03 

03 

00 

03 

rH 

•M 4 

03 

CD 

00 

03 

O 

o 

r- 

O 

03 


00 

• 


[> 

CO 

03 

r—4 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

H 


rH 

• 

• 

CM 

CM 

rH 

CO 

o 

o 

LO 

o 

rH 

O 


00 

LO 

03 

CM 

CO 

LO 

O 

ao 

DO 


rH 

03 

CM 


m 

O 

O 


CO 

• 

4 

rH 

O 

03 

CD 

o 

00 

00 

00 

DO 

rH 

O 

H 

03 

03 

O 

00 

o 

CM 

LO 

o 

03 

03 

O 

03 

ao 

03 

03 

00 


00 

• 

• 

o 

in 

13 

r—4 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 


rH 

• 

4 

CM 

CM 

rH 

CM 

o 

LO 

CO 


O 

CM 

O 

00 

00 

o 

O 

00 

o 

LO 

LO 

CO 


O 

CM 



O 

CO 



CO 

« 

• 

O 

ao 

O 

CD 

00 

a> 

o 

[> 

rH 

CM 

H 4 

CM 

o 

03 

CM 

00 

03 

03 

DO 

o 

03 

03 

ao 

03 

O 

03 

00 

00 


00 

• 

« 

ao 

l0 

o 

r-4 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

L.M 

CM 

rH 

CM 

rH 

rH 

i—4 

rH 

CM 

i—4 

rH 

i —4 

rH 

CM 

rH 

i—4 

rH 


H 

• 

» 

CM 

CM 

CM 

CO 

o 

CO 

CM 

H 4 

H 4 

^J 4 

O 

CM 

rO 

o 

CO 

o 

o 

CO 

'M 4 

rH 

CM 

H 4 

00 

CO 

O 

O 

H 4 

i—4 


CM 

4 

4 

lO 

O 

CO 

O) 

o 

00 

CO 

LO 

O 

CO 

O 

CO 

i—4 

O 

CM 

03 

rH 

O 

DO 

O 

O 

O 

o 

03 

CM 

—1 

03 

00 


O 

• • 

* 

o 

CO 

o 

r—4 

rH 

i—4 

rH 

i—4 

CM 

CM 

CM 

CM 

CM 

i—4 

CM 

rH 

CM 

CM 

i—4 

CM 

CM 

CM 

CM 

rH 

CM 

CM 

rH 

rH 


CM 

• 

• 

CM 

CM 

CM 

O 

00 

CO 

o 

CO 

H 

O 

CM 

00 

CM 

CO 

H 4 

co 

CM 

CM 

O 

CO 

co 

DO 


O 

O 

DO 

O 



CM 

« 

* 

o 

CO 

O 

CD 

CO 

l> 

CO 

in 

O 

CM 

03 

CM 

rH 

03 

rH 

o 

CM 

00 

lO 

03 

00 

00 

rH 

rH 

03 

03 

00 

o 


03 


• 

o 

LO 

3) 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

CM 

CM 

CM 

rH 

rH 

H 

rH 

rH 

CM 

CM 

r—4 

rH 

i—4 

CM 


rH 

• 

• 

CM 

CM 

rH 

o 

H 4 

LO 

o 

o 

00 

CO 

O 

O 

O 

03 

^t 4 

CO 

CO 

ao 

O 

H 4 

00 

H 4 

O 

O 

CM 

CM 

LO 

'nJ 4 


CO 

• 

* 

H 4 

LO 

^J 4 

CO 

CO 

03 

lO 

CO 


ao 

CM 

rH 

03 

CO 

00 

03 

o 

00 

■M 4 

O 

CO 

CO 

03 

CO 

O 

03 

o 

rH 


00 


« 

CO 

:o 

ao 

rH 

i—4 

rH 

i—4 

rH 

i—4 

H 

CM 

CM 

i—1 

rH 

rH 

i—4 

CM 

rH 

rH 

rH 

rH 

H 

rH 

i—4 

r—4 

rH 

rH 

CM 


H 

4 

• 

CM 

CM 

i —< 


CO 


CM 

o 

LO 

CO 

O 

00 

LO 

O 

CM 

LO 

LO 

o 

H 4 


o 

LO 

LO 

O 

O 

O 

CO 

CM 


ao 

» 

• 

CO 

ao 

O 

LO 

lO 

s 

to 

CO 

CM 

cO 

03 

CO 

ao 

o 

CO 

03 

ao 

CO 

LO 

LO 

LO 

LO 

^t 4 

rH 

CO 

LO 

{> 

00 


'M 4 


• 

H 4 

rH 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

H 

H 

rH 

rH 

rH 

rH 

rH 

H 

i—4 

rH 

H 

rH 

i—4 

i—4 

CM 

i—4 

i—4 

rH 

rH 


r—4 


• 

CM 

CM 

— 

rH 

O 

CO 

00 


o 

o 

LO 

CM 

o 

o 

o 

O 

CM 

ao 

^t 4 


H 4 

CO 

H 

'M 4 

O 

O 

O 

o 

o 



• 

* 

CO 

H 4 

^t 4 

LO 


'sj 4 

lO 

CO 

CM 

CO 

ao 

rH 

lO 

nJ 4 

CO 


'M 4 

CO 

DO 

CO 

CO 

St 4 

CO 

CM 

CO 

o 

CO 

CO 


DO 

• 

• 


O 

lO 

rH 

rH 

rH 

H 

rH 

rH 

H 

H 

CM 

rH 

rH 

i—1 

rH 

i—4 

H 

H 

H 

rH 

H 

H 

rH 

i—4 

rH 

H 

rH 


H 

• 


CM 

CM 

—1 

o 

O 

o 

lO 

o 

o 

CM 

CM 

^J 4 

LO 

"M 4 

o 

H 4 

CM 

DO 

[> 

O 

o 

CM 

CM 

O 

00 

CM 

^J 4 

CO 


O 

• 

* 

CO 

H 4 

CM 

’M 4 


w 

o 

H 4 

LM 


^J 4 

CO 

CO 

CO 


CO 

tO 

CO 


CM 

CO 

00 

LO 

o 

CM 

CO 

H 4 

.M 


DO 


4 

CO 

O 

lO 

rH 

rH 

rH 

H 

rH 

H 

H 

rH 

rH 

i—4 

rH 

rH 

H 

rH 

rH 

rH 

H 

H 

rH 

i—4 

CM 

rH 

rH 

rH 

H 


H 

• 

• 

CM 

CM 

H 

CM 


H 4 

CM 

CM 

H 4 

C"- 

O 

CM 

CO 

O 

00 

lO 

DO 

LO 

CM 

CM 

00 


00 

LO 

CM 

H 4 

"M 4 

CM 


00 

• 

• 

03 

CM 

O 




CM 

CO 

CM 

00 

M 4 

lO 

lO 

ao 

CO 

tD 

O 

LO 

O 

CO 

T* 4 

CO 

CM 

CM 

'M 4 

O 

CM 

CO 


DO 


• 

CO 

H 

lO 

i—4 

rH 

rH 

f —4 

rH 

i —4 

rH 

H 

rH 

i—4 

rH 

H 

rH 

rH 

H 

i—4 

H 

H 

H 

rH 

CM 

rH 

CM 

i—4 

rH 


H 



CM 

CM 

H 

CM 


CO 

H 4 


CM 

o 

O 

CO 

o 

lO 

Tt 

iO 

LO 

LO 

CO 

lO 

CM 

o 

CO 

CM 

lO 

O 

O 

CO 


LO 


• 

CO 

O 

DM 

CO 

LO 

lO 

CM 

'M 4 

M 4 

CO 


o 

CO 

"M 4 

O 

CO 

O 

CO 

LO 

co 

CO 

•M 4 

O 

O 

lO 

00 

CO 

H 4 



# 


lO 

DO 

CO 

rH 

rH 

rH 

H 

rH 

rH 

H 

rH 

rH 

i — 4 

!— 4 

H 

rH 

i — 4 

H 

rH 

H 

i— 4 

rH 

i — 4 

CM 

i— 4 

rH 

i — 4 

H 


H 

• 

• 

CM 

CM 

H 

cO 

CM 

o 

O 

H 4 

00 i 

CO 

o 

H 4 

O 

CO 

CO 

CO 

O 

CO 

ao 

Q 

CM 

o 

O 


O 

CO 

O 

rH 


'M 4 


« 

00 

j0 

CM 

O 

O- 

CO 

0 

o 

O CO 

00 

cO 

CO 

O 

CO 

lO 

o 

o 

CO 

CO 

O 

CO 

CO 

cO 

1> 

ao 

CO 

cO 


cO 


• 

lO 

DO 

l> 

rH 

H 

rH 

rH 

rH 

rH 

H 

H 

H 

rH 

H 

H 

H 

rH 

H 

rH 

H 

rH 

rH 

—4 

. rH 

rH 

rH 

i—4 

rH 


rH 


4 

CM 

CM 

i —1 

lO 

<D 

00 

LO 

00 

CO 

CO 

CM 


CM 

H 

00 

CO 

CM 


CO 

O 

CM 

CM 

03 

r-- 

O 

o 

03 

CO 


H 


4 

03 

O 

lO 

o 

o 

CO 

co 

CO 

cO 

o 

ao 

LO 

ao 

O 

o 

CO 

O 

O 

CO 

O 

O 

CO 

lO 

M 4 


ao 

CO 

co 


O 

• 

• 

lO 

^J 4 


rH 

H 

H 

H 

i — 4 

rH 

rH 

rH 

rH 

1 — 4 

H 

rH 

H 

rH 

H 

H 

rH 

H 

H 

H 

rH 

rH 

i — 4 

rH 

H 


H 

• 

• 


CM 

rH 

c^* 

CM 

o 

CM 

CO 

00 

03 

lQ 

03 

00 

O 

H 

rH 

O 

a 

CO 

CM 

O 

CO 

rH 

ao 

o 

O 

CO 

O 


CO 

« 

• 

O 

’M 4 

o 

O 

00 

00 

cO 

CO 

O 

CO 

O 

CO 

00 

o 

ao 

ao 

03 

ao 

CO 


o 

CO 

o 

o 

o 

ao 

CO 

L> 


cO 

• 

• 

o 


oo 

i 

rH 

rH 

rH 

H 

H 

H 

H 

rH 

H 

—4 

H 

rH 

rH 

H 

H 

rH 

H 

H 

'—4 

i —4 

rH 

rH 

i—4 

H 

H 


r—4 


• 

CM 

CM 

r-i 

LO 

o 

o 

lO 

cO 

H 4 

H 4 

C^ 

O 

O 

CM 

o 

03 

CO 

ao 

rH 

H 4 

H 4 

H 4 

O 

’M 4 


DO 

l> 

03 


CO 


♦ 

00 

O 

rH 


CD 

00 

cO 

cO 

o 

O 

CO 

ao 

CO 

ao 

o 

O 

03 

o 

o 

O 

'O 

CO 

o 

O 

ao 

00 

O 

CO 


cO 


• 

LO 

iO 

uu 

rH 

H 

H 

H 

rH 

rH 

H 

H 

H 

■—4 

H 

rH 

rH 

rH 

H 

H 

rH 

H 

rH 

rH 

rH 

rH 

H 

H 

rH 


rH 

• 

• 

CM 

CM 

•—H 

o 

CO 

CM 

O 

O 

CO 

CM 

H 

ao 

CM 

03 

o 

ao 

O 

00 

DO 

CM 

-M 4 

o 

DO 

O 

o 

CO 

CM 

o 


rH 

• 

• 

CM 

O 

O 

00 

['v- 

00 

o 

cO 

o 

o 

03 

i-O 

CO 

r- 

o 

o 

ao 

03 

O 

cO 

CO 

o 

O 

o 

o 

O 

O 

o 


O 


• 

O 

lO 

00 

rH 

H 

H 

H 

rH 

H 

H 

H 

rH 

rH 

rH 

H 

H 

rH 

rH 

rH 

rH 

H 

rH 

rH 

H 

rH 

H 

H 

H 


rH 


• 

CM 

CM 

rH 

o 

[\- 

lQ 

O 

o 


O 

ao 

H 4 



CO 

CO 

DO 

rH 

CO 

H 

O 

00 

00 

O 

ao 

lO 

tO 

O 


o 



DO 

O 

H 

no 

00 

O 

o 

lO 

o 

O 

o 

00 

O 

CO 

ao 

o 

00 

O 

O 

o 

LO 

cO 

CO 

cO 

ao 

CO 

CD 

o 

o 


ao 


• 

C^- 

lO 

UU 

_j 

rH 

H 

rH 

H 

H 

rH 

H 

H 

H 

rH 

rH 

i—4 

H 

rH 

CM 

rH 

H 

H 

H 

rH 

rH 

rH 

rH 

H 

H 


rH 

• 

• 

CM 

CM 

—1 

o 

o 

03 

o 

ao 

O 4 

CO 

O 

ao 

CO 

H 4 

CO 

H 4 

o 


o 

03 

O 

CO 


LO 

o 

O 

03 

O 


o 

• 

4 

CO 

DO 

, /-N 

rH 

o 

ao 

o 

o 

co 

CO 

o 

03 

o 

o 

03 

o 

00 

O 

03 

CO 

H 4 

o 

O 

O 

cO 

o 

O 

cO 

o 


[> 

• 



Li J 

uu 

rH 

rH 

rH 

H 

i—4 

H 

rH 

H 

H 

rH 

rH 

H 

rH 

rH 

H 

rH 

H 

H 

rH 

H 

i — 4 

rH 

rH 

rH 

— 4 


rH 

- 

— 

CM 

Cvi 

r-l 

rH 

CM 

CO 

O 4 

in 

CO 

o 

ao 

03 

10 

11 

12 

CO 

rH 

14 

15 

16 

17 

18 

19 

20 

21 

CM 

^M 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MEANS 


^ o 

z «/) 


3 

cC 


Z 

o 

h 

o 

UJ 

cr 


CM 


c n 
2 
x 


</) 

< 

h- 

CL 

UJ 

O 

X 

u 


Cd 


o 

LJ 

h- 

< 

u 

Q 

z 

to 

< 

cr 

D 

O 

I 

UJ 

z 

o 


CO Li- 

u O 

D 

-J co 

< Q 

\ 2 

I cr 

cO W 

h Q- 

_J 

O UJ 

> > 


CO 


_J 


CO 

I 

f- 

z 

UJ 

k 


o 

ui 

co 

CO 

Ld 

cr 

a. 

X 

UJ 


co 
co 

UJ 

o 

O 
D 
CO 

cr 

o 

lo¬ 

co 

UJ 

o 
< 
cr 
uj 

< 

UJ 

cr 
< 

cO 

UJ 

D 

< 

> 

cr 

< 

CM -J 
^ D 
5 CD 
^ < 

X h ~ 
d 

§ 

Ld 

o 

(x 3 

a 


a 

n 

H 

sa 

Id 

I- 

Z 

UJ 

Z 

o 

CL 

2 

o 

u 


Id 

X 


OJ 


299 








APPENDIX I 


EARTH-RESISTIVITY SURVEY AT HUANCAYO OBSERVATORY, PERU 



EARTH-RESISTIVITY SURVEY AT HUANCAYO OBSERVATORY, PERU 


The natural electric currents flowing in the crust of 
the Earth have been studied since the early days of the 
science. Until the late 1920 , s, however, the study was 
restricted to the determination of the potential gradient. 
It was, of course, realized that to obtain any quantitative 
information as to the currents, a knowledge of the speci¬ 
fic resistance of their paths is essential, but in the be¬ 
lief that average values of resistivity would suffice, no 
systematic investigation of that factor was undertaken 
for a long time. While much remains to be learned about 
earth currents and their relationships to allied phenom¬ 
ena of terrestrial electricity and magnetism, the accumu¬ 
lated data do indicate quite clearly at least one fact, 
namely that they are induced currents flowing in paths of 
relatively huge magnitude. And while the strength of 
such currents does depend, as was supposed, on the av¬ 
erage resistivity of large portions of the Earth's crust, 
the significance of potential measurements made at any 
point will depend largely on local variations of resistiv¬ 
ity in the region of the determinations, since, for a given 
current, the recorded potential will be directly propor¬ 
tional to the resistance of the ground in that region. 
Consequently the importance of resistivity surveys is 
apparent if the results of potential measurements at dif¬ 
ferent places are to be made comparable. It was for 
this reason that the Department of Terrestrial Magnet¬ 
ism of the Carnegie Institution of Washington undertook 
the investigation of earth resistivity and developed ap¬ 
paratus for its precise determination. 

Complete programs of continuous registration of 
earth-current potentials have been carried out at 
three places, the Ebro Observatory (Spain) and at the 
two magnetic observatories of this Department near 
Watheroo (Western Australia) and Huancayo (Peru). Re¬ 
sistivity surveys in the regions about the first two were 
made in 1925 to 1926 with results [1] which have proved 
valuable in providing a basis of comparison for their 
records. As a specific example, the resistivity records 
are found to account quite adequately for large differ¬ 
ences in the magnitudes of the potential variations re¬ 
corded at the two places, a feature otherwise difficult to 
explain. A survey at the third station, Huancayo, was 
made during the period between July, 1929,and January, 
1930. The extent of this survey, the results obtained, 
and their bearing on the significance of the potential rec¬ 
ords are the subjects of the present article. 


Description of Site 

The area covered by the survey, something over 
25 square kilometers, is shown in Figure 1. This map 
gives the location and distribution of the resistivity 
measurements with reference to the earth-current 
potential measuring system and to the main topographi¬ 
cal features in the vicinity. The Huancayo Magnetic Ob¬ 
servatory is in the high Andes of Peru, some 160 kilo¬ 
meters east of Lima and about 14 kilometers west of 
the town of Huancayo, on an open and relatively flat 
terrace or pampa, called Pampa Paccha, between 
the Montaro and Chupaca Rivers. It is in a large 
valley running in a general north-south direction between 
two ranges of mountains. The elevation of Pampa Paccha 


is about 3,300 meters. To the west it merges gradually 
into the hills; to the south it terminates in an abrupt drop 
of about 50 meters to the Chupaca River, and to the east 
and north it is bounded by a similar but smaUer scarp 
which separates it from the lower-lying Pampa Sicaya. 
The latter is a level plain with its sides rising almost 
vertically from the ground near the river channels. The 
peaks of the ranges on either side rise from 300 to 1,800 
meters or more above the valley. 

The earth-current system of the observatory, as 
shown in Figure 1, is a dual one. One set of electrodes 
(system 1) is on Pampa Sicaya and the other (system 3) 
is on Pampa Paccha, the two sets affording independent 
records of both components of the potential gradient. 

The greater part of the survey was consequently con¬ 
fined to the two pampas. 

In the northern portion of the area surveyed the 
structure consists of a rough grayish conglomerate, im¬ 
perfectly cemented and covered with a thin surface layer 
of fine red clay. The chief constituent in the southern 
portion of the pampas is a coarse gravel, very like the 
material in the conglomerate. These alluvial deposits 
extend to considerable depths as can be seen on the 
bluffs to the south and east. On Pampa Sicaya the gravel 
comes to the surface or nearly to it over most of its 
southern half but on Pampa Paccha it too is covered 
with clay. On neither Pampa has any indication been 
found of the presence of subsurface water although a 
number of wells have been dug in search of it. 

The annual rainfall at the observatory ranges from 
56 to 76 cm, the heaviest rains falling in January and 
February and very little precipitation being recorded in 
July and August. The mean monthly rainfall increases 
and decreases fairly uniformly in the intervening periods. 

Detailed geological data on the region are not avail¬ 
able. However, sedimentary rocks predominate in the 
outcrops on the surrounding mountains, limestone occur¬ 
ring with the greatest frequency. Rock-samples from 
the hills just north of the observatory varied in composi¬ 
tion from practically pure limestone to complex mix¬ 
tures of limestone, trap, gabbro, and quartzite. 

On the map the resistivity lines show the positions 
of the measurements and the direction along which the 
measuring current was applied. It will be noted that 
the lines were laid out in general in pairs in the form of 
a cross so that direct comparison could be made of the 
resistivity in two directions. On the longest lines, IAN 
and 3AR, 56 determinations were secured at electrode- 
separations from 1 to 600 meters. On the lines of in¬ 
termediate length, such as 1RN, there were 27 deter¬ 
minations at separations up to 300 meters; and on each 
short line, seven determinations at separations up to 
60 meters were secured. The crosses show the midpoints 
of each group of determinations. Altogether over 600 
measurements were made of which 443 were distinct as 
to electrode-separation or position, the remainder being 
checks or tests to determine seasonal variation. Nearly 
all the original measurements were made during the dry 
season, from July 1 to September 1. The retests were 
made after December 15 when the rainy season was well 
under way. Throughout the survey one measurement in 
every three on the average was repeated using different 
applied currents or different rates of commutation or both. 
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Methods and Apparatus 

The method, apparatus, and procedure used to deter¬ 
mine the resistivity of the undisturbed earth have been 
described in previous papers and will be only briefly 
outlined here. If an electric current is passed between 
any two points in a homogeneous conducting material, the 
current lines will distribute themselves according to 
well-established laws. Near the points at which the cur¬ 
rent is introduced, the lines of flow are nearly radial 
and the cross-section of the path of current flow is re¬ 
stricted. Hence, most of the resistance of the portion of 
the circuit contained in the material is found in the re¬ 
gion adjacent to these points. For this reason, any de¬ 
termination of the specific resistance or resistivity of 
the material which depends on measurement of the po¬ 
tential between the same points at which the current is 
introduced is liable to serious error because of the ef¬ 
fect of contact resistance at the current terminals. Mid¬ 
way between the two points, however, the lines of flow 
will have spread so that they are parallel and uniformly 
distributed throughout a definite cross-sectional area. 
Determination of the potential difference for a given 
current in the neighborhood of the central section, there¬ 
fore, leads rather simply to the value of the resistivity. 

It has been shown by Wenner [2] that if four points are 
taken equally spaced in a straight line and the current 
introduced at the outer pair, the ratio of the potential 
measured between the inner pair and the total current 
passed through the material is proportional to the re¬ 
sistivity of the material. If the four points are on a 
plane surface of the conductor, the resistivity is given 
by the formula 

p = 2ira V/l 

where p is the resistivity, V the potential between the 
inner pair of electrodes, I the true current through the 
ground, and a the distance between adjacent terminals. 

If the four points, instead of being at the surface, are 
taken within the body of the material so that the distance 
between them is small in comparison to the distance to 
the nearest surface, the formula for the resistivity be¬ 
comes 

p - 4ira VA 

The mathematical treatment of the subject is based 
on the assumption of a homogeneous material. Hence, 
determinations of resistivity made by this method on 
earth materials which are not homogeneous must be con¬ 
sidered as giving a general average value in which the 
resistivity of the material near the line of terminals is 
the more heavily weighted, the weighting diminishing 
with distance from this line. Roughly speaking, the effect 
of material at distances equal to the distance between 
adjacent terminals is found to be sb small that the effect 
of materials beyond it is negligible. 

Because of the relation between the spacing of the 
terminals and the volume of the material included in 
the measurement, the scheme affords a simple means of 
determining the resistivity of fairly definite predeter¬ 
mined volumes of earth materials and of studying the 
variations of resistivity with volume. For example, sup¬ 
pose a series of observations are taken on the surface of 
a lake or river 25 feet deep. As long as the interval be¬ 
tween adjacent points is kept less than 25 feet the resis¬ 
tivity value secured will be that of the water and will be 


constant except for such slight differences as are caused 
by the temperature gradient in it. As soon as the inters 
val is made greater than the depth of the water, however, 
the material at the bottom will begin to be included in 
the measured volume and a change in the average resis¬ 
tivity value will be noted, the change becoming more 
marked as larger intervals are taken and greater a- 
mounts of the bottom material included. Actual meas¬ 
urements of this type made on the Tidal Basin of the 
Potomac at Washington showed that the resistivity re¬ 
sults could be used to determine not only the depth of 
the water but also the thickness of the silt at the bottom. 
In a similar manner other concealed changes in struc¬ 
ture which are not so susceptible of direct determina¬ 
tion may be revealed by resistivity measurements made 
at the surface, provided the lateral distribution is fairly 
uniform and the resistivities of the materials making up 
the formation are sufficiently different one from the 
other. 

The apparatus developed by this Department [1,3] and 
used in the present work is briefly described below. 

The measuring circuits with instruments and the arrange¬ 
ment of the contact points are shown diagrammaticallly 
in Figure 2. The contact to earth at points Cj, Pj, P 2 , 
and C 2 is made in ordinary soil by means of cold-rolled 
steel rods about 5/8 inch in diameter and 2 feet long. 
These rods are usually driven into the ground to a depth 
of about 1 foot, but the depth should never be more than 
5 per cent of the distance between electrodes. For work 
on bare rock surfaces where driving in electrodes of 
the rod type is impracticable, satisfactory contact can 
be secured by the use of flat spiral coils of copper wire 
about 2 inches in diameter embedded in cotton or cotton 
waste soaked with a solution of copper sulphate. Elec¬ 
trodes of this type may be weighted down with a piece of 
stone to insure good contact on a horizontal surface or 
wedged against the surface with wooden rods where the 
surface is not horizontal. The connection from the e- 
lectrodes to the measuring instruments is made with No. 
14 double-braid, rubber-covered wire in 500-foot 
lengths, each length having a single-contact, automobile- 
type plug at either end. The lengths are joined together 
by means of double-ended headlight sockets. Convenient 
connection is made with the electrodes by a large battery 
clip on a short length of cable, the other end of which is 
plugged into the line at the nearest junction in the main 
lines. It will sometimes be necessary to reduce the con¬ 
tact resistance at the electrodes by using more than one 
steel rod at each of the “contact points” or by increas¬ 
ing the size of the coil used on bare rock surfaces. This 
is usually required only when the interval between elec¬ 
trodes is large and does not affect the results since the 
area over which the rods forming a single electrode are 
distributed can be kept sufficiently small to be consider¬ 
ed as a point in comparison to the distance between elec¬ 
trodes as required by the underlying theory. 

The measuring instruments consist of a potentiome¬ 
ter and a milliammeter, and are mounted together in one 
case. The former is a Leeds and Northrup potentiome¬ 
ter-indicator and has two ranges (0 to 100 and 0 to 1,000 
millivolts), and the latter, a Weston model 1 direct-cur¬ 
rent milliammeter, has four ranges (0 to 5, 0 to 50, 0 to 
200, and 0 to 500 milliamperes). By using various com¬ 
binations it has been found possible to obtain accurate 
results on materials of resistivities all the way from 
less than 100 to iqore than 4,000,000 ohms per centime- 
ter cube. 
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In order to minimize the effect of polarization at the 
electrodes and to eliminate the effect of currents present 
in the earth from other sources, a double commutator, 
built on the principle of that used by McCullom [4] is in¬ 
serted in the lines between the meters and the electrodes, 
One section of the commutator, as may be seen in Figure 
2, reverses the voltage applied across the extreme elec¬ 
trodes and consequently the current flowing through the 
ground. With the other the potential difference between 
the intermediate electrodes is rectified so that it can be 
measured with the direct-current potentiometer, while 
any extraneous potentials are reversed so rapidly that 
they do not register. The commutator is turned at a 
speed between 10 and 15 revolutions per second, and 
hence the current through the milliammeter is inter¬ 
rupted from 20 to 30 times a second for a brief interval. 
This causes it to register as a steady current but one 
which is somewhat lower than the true current through 
the ground. The ratio of the true current to the register¬ 
ed value may be calculated from the lengths of the con¬ 
ducting and insulating sectors of the commutator and 
that of the bearing surfaces of the brushes, or even more 
readily determined experimentally by using the instru¬ 
ment to measure the drop across a known resistance 
with the commutator alternately running and stationary. 
The ratio or “commutator-factor” so determined is 
constant so long as the adjustment of the brushes is not 
changed. 

The commutator is mounted in a case along with two 
radio “B” batteries which provide a total of 90 volts 
available in four subdivisions from a small panel in the 
top of the case. Additional batteries may be connected 
in series from the outside where required. The case 
also contains a 20-microfarad condenser [5] with its 
terminals arranged so that it can be readily connected 
in series with the potential electrodes to eliminate vi¬ 
bration of the potentiometer-galvanometer sometimes 
resulting from intense stray currents in the earth. A 
switch in the battery circuit, mechanically connected to 
the commutator, is closed only when the latter is in op¬ 
eration and protects the batteries from excessive drain. 

A reversing switch placed in the circuit between the 
commutator and the potentiometer facilitates insulation 
and contact-re si stance tests, and provides a means of 
eliminating the effect of insulation leaks in the instru¬ 
ment. 

Connection from the battery and commutator to the 
meters is made by means of a pair of two-conductor 
cables provided with double-pole plugs at each end which 
engage in jacks built into the cases. The cables leading 
to the electrodes are connected to the commutator by 
means of single-pole plugs and built-in jacks. To insure 
against specious results which might arise because of 
leakage from the current to the potential circuit, all 
parts of the latter are protected by a guard-ring arrange¬ 
ment, designed by O. H. Gish, consisting of a continuous 
metal shield which is grounded at a point approximately 
half-way between the potential electrodes. 

The aim of the survey was to determine not only the 
resistivity of the region in general but also its variation 
with position and with depth, with direction of current- 
flow--if such variation existed--and with season of the 
year or rainfall. Variation of resistivity with any or all 
of these factors is of interest as indicative of the geolog¬ 
ical structure and might reasonably be expected to affect 
the potential records. In addition to these objective de¬ 
terminations, advantage was taken of the opportunity to 


make further tests of the accuracy of the measuring ap¬ 
paratus and of the effect of Efuch minor changes in pro¬ 
cedure as the use of different applied currents and^the 
operation of the commutator at different speed^. 


Results 

Table 1 gives a general summary of the results ob¬ 
tained in Pampa Sicaya, showing the mean value and the 
three highest and three lowest values recorded at each 
separation with the positions at which the high and low 
results were obtained. Near the surface the resistivity 
ranged from 112,000 to about 1,500 ohm-cm. The high¬ 
est values are all from the southern part of the pampa 
where the coarse gravel was found and the lowest ones 
from the northern part where the surface soil was clay. 
The mean values fall off sharply with depth from 60 to 
200 meters and more gradually as the depth is still 
further increased. The spread or range of the individual 
values also decreases as the included depth becomes 
greater. It might be well just here to emphasize the fact 
that the values shown do not represent the resistivity of 
material at a given depth but the average resistivity of 
a section of the ground from the surface to that depth. 

These results are in no way exceptional. The values 
in the neighborhood of 10,000 ohm-cm, toward which all 
the results tend to converge, indicate an underlying 
structure composed of sedimentary rocks such as lime¬ 
stone or sandstone, both of which abound in the vicinity. 
Above this we have, in the southern portion of the pampa, 
the gravel or conglomerate coming to the surface or 
nearly to it. The resistivity of material of this sort has 
been found to run anywhere from 50,000 to 150,000 ohm- 
cm. And in the northern part is the finer clay soil, gen¬ 
erally a good conductor as earth materials go, with ap¬ 
parently a little, or in some spots none, of the coarser 
material between it and the bedrock. 

Table 2 gives a similar summary for Pampa Paccha. 
The mean values are not greatly different from those 
shown for Pampa Sicaya, although the maximum is not 
reached until a slightly greater depth is included and the 
decrease noted after 60 meters here continues only to 
400 meters. The extreme range of the individual values, 
60,000 to 3,500 ohm-cm, is considerably less than that 
for the other pampa, and the ranges for given separa¬ 
tions up to 100 meters are also much smaller. The 
structure indicated by the results is more uniform than 
that in Pampa Sicaya and might be described as an av¬ 
erage of that structure. That is to say, the results here 
are like those from the north of Pampa Sicaya would be 
if there were there more of the alluvial material between 
the clay and the bedrock, or like those from the southern 
part would be if there were more of the clay overlying 
the gravel in that section. 

For separations of 100, 200, and 300 meters two av¬ 
erages are given in Table 2, one for the pampa as a 
whole and the other, somewhat smaller, for the main 
portion of it excluding the long-line measurements made 
in the southwest corner on lines 3LE and 3CN. These 
are shown because when considering the relation with 
the potential records the two sections must be taken 
separately. The mean values reach a minimum when 
eartn to a depth of 400 meters is included in the measure¬ 
ment. The increase from 400 to 600 meters probably 
indicates that the bottom of the sedimentary rocks has 
been reached and that some denser material, igneous 
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Table 1. General summary of resistivity-survey results on Pampa Slcaya 
Huancayo Magnetic Observatory, 1929-1930 


Average resistivity to depth approximately equal to electrode-separation 


Electrode- 
separation 

Mean 

value 

Three largest values 

Three smallest values 

1 Value 

Line 

Sec¬ 

tion 

Month 

Value 

Line 

Sec¬ 

tion 

Month 

meters 

ohm-cm 

ohm-cm 




ohm-cm 




i 

16,410 

60,100 

IAN 

a 

Aug 

1,480 

1RN 

a 

Aug 



50,100 

1AE 

c 

Aug 

1,805 

IAN 

e 

Aug 



48,350 

IAN 

c 

Aug 

1,810 

IAN 

e 

Dec 

2.5 

26,900 

90,600 

IAN 

b 

Aug 

2,010 

inn 


Aug 



90,450 

IAN 

a 

Aug 

2,115 

1NE 


Aug 



80,700 

1AE 

b 

Aug 

3,045 

IRE 

a 

Aug 

5 

35,340 

112,400 

IAN 

b 

Aug 

2,465 

1NE 


Aug 



102,500 

IAN 

a 

Aug 

2,920 

INN 


Aug 



95,700 

1AE 

b 

Aug 

3,835 

IRE 

a 

Aug 

10 

36,630 

91,000 

IAN 

a 

Aug 

3,130 

1NE 


Aug 



90,200 

IAN 

c 

Aug 

3,800 

INN 


Aug 



83,750 

1SN 


Aug 

8,610 

IAN. 

f 

Dec 

20 

32,740 

77,050 

1SE 

.. 

Aug 

3,630 

1NE 


Aug 



75,400 

1SE 


Dec 

5,000 

INN 


Aug 



69,300 

1SN 

•• 

Aug 

10,010 

IRE 

a 

Aug 

30 

33,420 

63,100 

1SN 


Dec 

4,130 

1NE 


Aug 



62,350 

1SE 

.. 

Dec 

6,190 

INN 

# # 

Aug 



62,080 

IAN 

a 

Aug 

12,270 

IRE 

a 

Aug 

60 

30,620 

54,940 

IRE 

a 

Aug 

4,480 

1NE 


Aug 



48,800 

1SN 


Dec 

6,250 

INN 

# # 

Aug 



47,150 

1SE 


Dec 

11,640 

IRE 

c 

Aug 

100 

22,720 

35,350 

IAN 

a 

Aug 

9,200 

1RN 

c 

Aug 



35,000 

IAN 

b 

Aug 

14,360 

IRE 

a 

Aug 



32,470 

1AE 

c 

Aug 

16,750 

1RN 

b 

Aug 

200 

12,850 

21,180 

1AE 

ab 

Aug 

7,070 

1RN 

be 

Aug 



18,340 

IAN 

ab 

Aug 

7,390 

IRE 

be 

Aug 



16,640 

IAN 

cd 

Aug 

8,470 

1RN 

ab 

Aug 

300 

8,900 

10,730 

1AE 

abc 

Aug 

6,120 

1RN 

abc 

Aug 



10,690 

1AE 

abc 

Dec 

6,800 

IRE 

abc 

Aug 



10,600 

IAN 

abc 

Aug 

10,240 

IAN 

def 

Aug 

400 

8,030 

8,250 

* 

IAN 

cdef 

Aug 

7,810 

* 

IAN 

abed 

Aug 

600 

6,100 

** 




** 





♦Only two determinations at 400-meter separation 
**Only one determination at 600-meter separation 

rock for example, is coming into play at depths some¬ 
where between 300 and 600 meters. However, since only 
a single determination was made at 600 meters separa¬ 
tion, the evidence is hardly conclusive. 

In Tables 3 and 4 are given detailed results from two 
representative lines, 3AN and 3AE, in Pampa Paccha, 
and from line IAN on which the results covered practic¬ 
ally the entire range of values for Pampa Sicaya. These 
results give a general idea of the variation of resistivi¬ 
ty with depth at several points, and also its variation-- 
or lack of it--with orientation of the survey lines and 
with the season. 

So much for the results in general. Now let us look 
ut them in relation to the earth-current records. The 


earth-current potential system of the observatory had 
been in operation for some two and one-half years before 
the survey was made. When the records were reduced to 
a common distance the curves of diurnal variation in po¬ 
tential gradient as constructed from the records of the 
two systems were found to be in very close agreement 
as to phase and general appearance but to differ consist¬ 
ently in amplitude. This difference was most marked in 
t le case of the eastward component, the amplitude of the 
potential variations recorded between electrodes 3W and 
3E on Pampa Paccha being about 75 per cent greater 
than that recorded on system 1 on the other pampa. A 
similar but much smaller difference was noted in the 
records of the northward component. Consequently one 
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Table 2. General summary of resistivity-survey results on Pampa Paccha 
Huancayo Magnetic Observatory, 1929-1930 


Average resistivity to depth approximately equal to electrode-separation 


Electrode¬ 

separation 

Mean 

value 

Three largest values 

Three smallest values 

Value 

Line 

Sec¬ 

tion 

Month 

V alue 

Line 

Sec¬ 

tion 

Month 

meters 

ohm-cm 

ohm-cm 




ohm-cm 




1 

5,340 

11,570 

3AE 

C 

Dec 

3,485 

3LE 

.. 

Jan 



10,080 

3AE 

a 

Dec 

3,560 

3RN 

f 

Jul 



9,325 

3AE 

c 

Jul 

3,760 

3WE 

•• 

Jul 

2.5 

10,125 

19,040 

3AE 

c 

Dec 

4,615 

3WE 


Jul 



15,740 

3CN 

.. 

Dec 

4,695 

3WN 


Jul 



15,440 

3RE 

a 

Jul 

6,100 

31 E 


Jan 

5 

17,410 

28,200 

3AE 

c 

Dec 

8,070 

3WE 


Jul 



28,170 

3RN 

a 

Jul 

8,550 

3WN 


Jul 



26,690 

3RE 

a 

Jul 

9,620 

3NN 


Dec 

10 

27,980 

47,600 

3RN 

a 

Jul 

14,000 

3NN 


Jul 



43,700 

3ME 


Dec 

14,080 

3NN 


Dec 



43,370 

3RE 

a 

Jul 

14,420 

3WE 


Jul 

20 

37,460 

60,640 

3RN 

a 

Jul 

18,210 

3NN 


Dec 



59,150 

3RE 

a 

Jul 

18,380 

3NN 


Jul 



52,900 

3ME 


Dec 

20,360 

3NE 


Jul 

30 

39,570 

59,070 

3MN 


Jul 

18,600 

3NN 


Dec 



55,360 

3 RE 

a 

Jul 

18,740 

3NN 


Jul 



55,300 

3RN 

a 

Jul 

24,250 

3NE 


Jul 

60 

35,190 

52,600 

3SN 


Jul 

15,600 

3NE 


Jul 



49,350 

3CN 


Sep 

15,810 

3NN 


Jul 



44,000 

3MN 


Jul 

16,020 

3NN 


Dec 

100 

25,755 

38,300 

3CN 


Jan 

18,110 

3AN 

c 

Jul 


(24,370)* 

34,000 

3LE 

.. 

Jan 

18,340 

3AN 

c 

Dec 



30,710 

3RN 

b 

Jul 

19,410 

3RN 

e 

Jul 

200 

12,520 

28,790 

3LE 


Jan 

8,950 

3RN 

de 

Jul 


(10,710)* 

12,470 

3RE 

ab 

Jul 

9,170 

3 AN 

be 

Jul 



12,310 

3 RE 

be 

Jul 

9,180 

3AN 

be 

Dec 

300 

11,290 

28,000 

3LE 


Jan 

6,160 

3RN 

def 

Jul 


(7,950)* 

9,440 

3AE 

abc 

Dec 

7,080 

3RN 

abc 

Jul 



9,365 

3AE 

abc 

Jul 

8,300 

3RE 

abc 

Jul 

400 

6,610 

6,950 

** 

3 AN 

edef 

Jul 

6,270 

** 

3AN 

abed 

Jul 

600 

8,100 

*** 




*** 





♦Mean value omitting few exceptional results obtained in southwest corner of Pampa 
♦♦Only two determinations at 400-meter separation 
♦♦♦Only one determination at 600-meter separation 


of the aims of tie survey was to determine whether there 
was any difference in the conductivity of the two pampas 
which would account for the differences in the records of 
potential gradient. As it appeared before the survey the 
question was rather complicated by the fact that the po¬ 
tential differences were greater for the one component 
than for the other unless there should be found a distinct 
variation in resistivity with direction in one or both of 
the pampas. 

Upon the completion of the original dry-season pro¬ 
gram, which included no measurements on lines 3LE or 
3CN, it appeared that the attempt to correlate these poten¬ 
tial differences with differences in resistivity was a failure. 


There was, as will be shown later, no appreciable variation 
in resistivity with direction on either pampa, and the re¬ 
sistivity results as a whole were in remarkably close 
agreement, particularly if we neglect comparatively 
thin layers near the surface which have been found to be 
quite unimportant in considering the flow of earth cur¬ 
rents. This agreement is apparent in the curves in 
Figure 3. The solid curve shows the variation of resis¬ 
tivity with depth on Pampa Sicaya and the broken curve 
that on the main portion of Pampa Paccha. The range of 
the individual values is also shown in Figure 3 for sep¬ 
arations from 60 to 300 meters and shows the greater 
uniformity of structure over the most of Pampa Paccha. 
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Table 3. Detailed results on resistivity-survey lines 3AN and 3AE on Pampa Paccha 
Huancayo Magnetic Observatory, 1929-1930 


— 

Electrode¬ 

separation 

Average resistivity to depth approximately equal to electrode-separation 

Line 3AN 

Line 3AE 

Section a 

Section b 

Section c 

Section a 

Section b 

Section c 



July (Dry season) 



meters 

ohm-cm 

ohm-cm 

ohm-cm 

ohm-cm 

ohm-cm 

ohm-cm 

1 

7,370 

4,650 

6,500 

9,325 

5,710 

8,570 '* 

2.5 

13,140 

10,650 

10,920 

12,250 

10,480 

15,050 

5 

23,700 

18,130 

18,120 

18,730 

17,100 

25,600 

10 

34,700 

24,140 

32,150 

24,890 

24,900 

36,950 

20 

38,940 

35,450 

37,200 

33,770 

33,200 

49,140 

30 

39,840 

39,100 

40,000 

36,650 

38,060 

48,240 

60 

30,560 

31,600 

26,500 

36,800 

33,600 

40,000 

100 

25,720 

20,850 

18,110 

24,950 

23,850 

23,260 

200 

11,090 9,170 

11,370 10,660 

300 


8,850 



9,365 




December (Wet season) 



1 

¥ 

5,760 

6,960 

10,080 

7,725 

11,570 

2.5 


12,600 

11,120 

13,580 

11,840 

19,040 

5 


21,220 

18,700 

18,900 

18,090 

28,200 

10 


24,100 

33,080 

24,970 

24,800 

36,000 

20 


35,070 

36,480 

31,850 

32,080 

46,850 

30 


39,300 

39,340 

34,760 

36,400 

45,990 

60 


31,150 

25,930 

35,940 

34,000 

38,860 

100 


21,220 

18,340 

25,350 

24,880 

23,530 

200 

11,180 9,180 

11,480 10,800 

300 


8,820 



9,440 



* Observations on section a were not repeated during December 


In order to avoid loss of record due to the large var¬ 
iations in the potentials between electrodes 3W and 3E, 
that line was shortened soon after the dry-season survey 
and a new electrode, 3M, was installed just west of its 
midpoint, where it crosses the observatory site. Po¬ 
tentials were then recorded between 3M and 3E instead 
of 3W and 3E. By the time the retests were completed 
a three-months’ record from this combination was avail¬ 
able and it was noted that the greater part of the differ¬ 
ence in the potential gradient as recorded on the two 
systems had disappeared, the values from system 3 be¬ 
ing now less than 20 per cent greater than those from 
system 1. 

Meanwhile a number of measurements of resistivity 
had been made on line 3CN near the discarded section 
of the west-east line of system 3, and while the values 
recorded at short separations fell well within the range 
of those obtained elsewhere on the pampa--were in fact 
on the low side--the resistivity at 100 meters separation, 
38,300 ohm-cm, was the highest to that depth recorded 
at any position in either pampa. This considered in 
connection with the improved agreement in the potential 
records indicated as an explanation of the differences 
in the earlier records a local region of high resistivity 
in the southwest corner of the pampa. Rough calcula¬ 
tions showed that if the resistivity about the west half of 
the earth-current line were from two to three times as 
great as that of the pampas generally the discrepancies 
in gradient would be accounted for. So an added series 
of determinations at separations from 1 to 300 meters 
Wus i ade at line 3LE, near to and closely paralleling the 
section of the line which should be affected. 


The results of these measurements are more readily 
appreciated if we return to the curves in Figure 3 where 
the values obtained on line 3LE are shown on the dotted 
curve. As at line 3CN, the resistivity is low near the 
surface and up to 60 meters separation the records all 
fall within the range of the individual values recorded 
elsewhere. From 100 to 300 meters, however, the curve 
departs radically from the mean curve and its points fall 
well above the maximum values for other portions of the 
pampas, the difference being quite sufficient to explain 
all the difference in the potential-gradient records. The 
smaller differences in the records of the northward com¬ 
ponent are also accounted for by this high-resistivity 
area, since a much smaller fraction of the north-south 
line of system 3 extends into it. 

Viewed from the standpoint of structure, the higher 
resistivity of this section of the pampa may be due either 
to the presence there of more of the coarse alluvial ma¬ 
terial or to a difference in the character of the bedrock. 
Tne latter is the more probable in view of the tendency 
of the curves to continue divergent. If important it could 
be determined by further observations at greater separa¬ 
tions. 

In addition to the main portion of the survey already 
treated, resistivity measurements were made at a few 
locations outside the pampas. At line XMM on the flood- 
meadows of the Montaro and line XCF on the flat ground 
near the channel of the Chupaca River the recorded re¬ 
sistivities and their variations were similar to those 
found on the pampas. On both lines the maximum resis¬ 
tivity was reached when soil to a depth of ten meters was 
included in the measurements and as the included depth 
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Table 4. Detailed results on resistivity-survey line IAN on Pampa Sicaya 
Huancayo Magnetic Observatory, 1929-1930 



Average resistivity to depth approximately equal to electrode- 

separation 

Electrode¬ 

separation 



Line 

IAN 




Section a 

Section b Section c 

Section d | 

Section e 

Section f 




August (Dry season) 



meters 

ohm-cm 

ohm-cm 

ohm-cm 

ohm-cm 

ohm-cm 

ohm-cm 

1 

60,100 

47,900 

48,350 

32,600 

1,805 

3,215 

2.5 

90,450 

90,600 

74,700 

59,450 

4,290 

4P 50 

5 

102,500 

112,400 

92,400 

89,300 

7,920 

5,035 

10 

91,000 

77,000 

90,200 

80,000 

lopso 

8*750 

20 

59,700 

46,680 

60,000 

41,000 

15*400 

15,030 

30 

62,080 

47,500 

49,100 

38,400 

18,870 

17,210 

60 

44,600 

45,220 

47,000 

38,800 

21,980 

17,510 

100 

35,350 

35,000 

28,700 

28,600 

18,460 

17,810 

200 

18,340 

16,460 

13 

,760 

300 


10,600 



10,240 


400 



7,810 

8,250 


600 



6,100 





December (Wet season) 



1 



.* 

27,940 

1,810 

3,085 

2.5 




39,300 

3,585 

3,800 

5 




60,850 

6,755 

4,760 

10 




70,930 

9,885 

8,610 

20 




45,830 

15,070 

14,760 

30 




43,450 

18,560 

17,130 

60 




40,320 

22,050 

17,500 

100 




29,960 

18,880 

18,450 

200 


.* 

• « • 


13 

,990 

300 


* 



10,690 


400 



* 




600 




♦ 




♦Observations on south half of line and those at 400- and 600-meter separations were not 
repeated in December 


was increased the trend of the values obtained was again The conditions for investigating the variation of re- 

toward 10,000 ohm-cm. The results indicate a structure sistivity with season, that is with rainfall, were not of 

similar to that on the pampas, with, however, less of the best because of an unusually dry spell during most of 

the overburden above the sedimentary rock. November. Nevertheless the measurements on lines 

At three points on the range of hills just north of the 3AN, 3AE, 3MN, 3ME, 3SE, 3NN, 1SN, 1WN, the northern 

observatory a number of small volume measurements half of IAN, and the central section of 1AE, were repeatec 

were made directly on the surface of rock-outcrops. At after December 15 when about one-third of the season’s 

XLA, where the outcrop was pure limestone, resistivity rain had fallen. In addition, measurements on line 3CN 

values between 16,000 and 19,000 ohm-cm we're obtained, were repeated six times at intervals of two or three 
These are fairly representative values for this rock. At weeks as the rains progressed. These latter tests 
XLB and XLC there was also considerable limestone but showed considerable variation in both directions for the 
it was badly weathered and altered and mixed with igne- soil near the surface, the resistivity of which tended to 
ous rocks. As might be expected of such heterogeneous follow roughly the curve of daily rainfall, decreasing 
material the results obtained varied widely with position, sharply immediately after a heavy rain and increasing 
values from 115,000 to 335,000 ohm-cm being recorded. during drier intervals. The resistivity of volumes of 

At the 13 points where two resistivity survey earth extending to greater depths on the other hand 

lines crossed, direct comparison was made of the resis- followed more closely the curve of total rainfall decreas- 

tivity recorded along lines approximately at right-angles, ing slightly but steadily and with something of a lag due 
The depths included ranged from 1 to 300 meters and to the time required for the moisture to penetrate to the 
the total number of comparisons was over 150. As might deeper layers. On the whole the results indicate that 
be expected in view of the differences in surface soil, the seasonal variation is small and relatively unimpor- 
and also of the fact that exactly identical volumes cannot tant when any appreciable depth is considered. Aside 
be included in such measurements, individual differences from the shallow-depth measurements the differences 
as great as 25 per cent were recorded. There was, how- recorded were only a few per cent and the mean differ- 
ever, no consistent difference in magnitude with direction ence for the entire 130 tests was less than 1 per cent, 
of tne survey-line and the algebraic mean of the differ- This is in line with the results of similar investigations 
ences was less than 1 per cent. at Watheroo and Washington. 
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This concludes the record of the objective determi¬ 
nations, that is, those having to do with variations in re¬ 
sistivity due to actual variations in the earth material 
or structure. Besides these the conduct of the survey 
was designed to detect any variations in the recorded 
values of resistivity which might be caused by limita¬ 
tions or defects in the measuring apparatus. The usual 
tests for instrument- and line-leak were made and both 
were found to be negligible throughout the survey. In all 
the measurements in which the electrode-separation was 
100 meters or more two series of observations were 
made. In one the commutator was operated at normal 
speed, about ten revolutions per second. In the second 
it was operated at the maximum practical speed or be¬ 
tween 30 and 40 revolutions per second. In only 4 of 
the 67 determinations in which this procedure was fol¬ 
lowed was the difference between the two values record¬ 
ed more than 1 per cent and the algebraic mean of the 
differences was less than .25 of 1 per cent. These re¬ 
sults confirm the conclusions from earlier tests in the 
field and laboratory that the recorded resistivity values 
as obtained with the apparatus are independent of any 
inductance- or capacitance-effects either in the lines or 
the ground, or in other words that they are true meas¬ 
ures of resistance. 

The effect of using different applied currents was in¬ 
vestigated in 250 instances at separations ranging from 
1 to 600 meters. The ratio of the two currents used 
ranged from 1 to 1.6 to 1 to 4. The mean of the differ¬ 


ences between the two values so obtained was less than 
.1 of 1 per cent. 

Summary 

The resistivity of most of the region about the earth- 
current system at Huancayo is typical of a formation 
consisting of deep sedimentary beds with a nonuniform 
overburden. The mean resistivity of the region is around 
10,000 ohm-cm. 

There is in the southwestern portion of PampaPaccha 
a local area in which the average resistivity to a depth of 
300 meters is about three times as great as that of the 
region as a whole. The western half of the west-east 
line and the southernmost portion of the north-south line 
of the earth-current system 3 extend into this high-resis- 
tivity area. Hence the potential gradients recorded on 
this system tend to be greater for a given current-den¬ 
sity than those recorded on system 1. 

The variation of resistivity with orientation of the 
survey lines is negligible indicating that the region is 
laterally isotropic. 

The seasonal variation in resistivity here and else¬ 
where so far as observed is small and relatively unim¬ 
portant as a factor affecting earth currents. 

The resistivity values as determined with the appara¬ 
tus in its present form are independent of the applied 
current and of the rate at which the commutator is ro¬ 
tated. 
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Fig. 1. Sketch map showing the site of the Huancayo Magnetic Observatory, earth-current lines and electrodes, and resistivity-survey lines, 1930 
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VARIATION IN EARTH-CURRENT ACTIVITY WITH THE SUNSPOT-CYCLE 


Parallelism in the variations of earth-current flow 
and in those of the Earth's magnetic field has been found 
in almost every phase of the systematic studies of the 
two phenomena. First noted in the short-period fluctua¬ 
tions occurring during magnetic storms, it has been found 
to extend quite as definitely to such periodic features as 
the solar and lunar diurnal variations on the one hand 
and to particular variations of the transient type (those, 
for instance, which accompany solar flares) on the other. 
However, while there has been the greatest consistency 
between these investigations so far as the fact of their 
interrelation is concerned, the exact nature of the rela¬ 
tionship has yet to be determined. That the relationship 
between the two should be as poorly defined as it is today 
is undoubtedly due in large part to the paucity of reliable 
earth-current data. It has been pointed out elsewhere 
that the all-time number of first class stations for re¬ 
cording earth currents has never reached more than a 
dozen, most of which, until recent years, were middle- 
latitude stations grouped close together in Europe. Based 
on time instead of number of stations, the discrepancy 
between earth current and magnetic data is even more 
striking. Most installations have been in operation either 
intermittently or for comparatively short periods. Re¬ 
cording at Greenwich, England, was continued for con¬ 
siderable time, but after the first few years the results 
obtained there were somewhat uncertain because of stray 
currents from the rapidly expanding network of electric 
railways in the region. Weinstein's excellent summary 
of the Berlin records covered a period somewhat shorter 
than the 11 years of the sunspot-cycle as do the reported 
values from Parc St. Maur, in Paris. In fact, only at a 
.single station, Ebro (1910-1938), has recording been car¬ 
ried through the double sunspot-cycle of 22 years. 

Consequently, the opportunities afforded for detailed 
study of the variations in earth-current flow which ac¬ 
company variations in solar activity have been rather 
limited. The establishment by the Department of Ter¬ 
restrial Magnetism of the Carnegie Institution of Wash¬ 
ington of earth-current stations at Watheroo, Western 
Australia, in 1923, and at Huancayo, Peru, in 1927, and 
the continuous operation of the stations since those dates, 
makes available additional data for investigation of vari¬ 
ations of this type, using records from an equatorial as 
well as a middle-latitude station. 

The records from these two observatories cover a 
longer period than most other series of earth-current 
observations, except Ebro, and can be presented with 
greater certainty than is usually the case. Since the 
recording apparatus used at Watheroo and Huancayo are 
in duplicate, independent check-measurements are avail¬ 
able for almost all of the data presented. These provide a 
guarantee of the reliability of the records and of their free¬ 
dom from any gross errors at least, a feature of no little 
importance in view of the liability of such measurements 
to be misleading because of the masking effects of con¬ 
tact potentials, inadequacies of insulation, or the like. 

The results from the two observatories have also 
been checked by comparison with the records from the 
co-operative station established in 1931 at Tucson, Ari¬ 
zona, by the Department of Terrestrial Magnetism, the 
United States Coast and Geodetic Survey, and the Bell 
Telephone Laboratories. 


Variations in the frequency and intensity of disturb¬ 
ances, corresponding to similar disturbances in the 
magnetic records, have been found in all records of 
earth-current flow. This feature is confirmed by the 
records from the present-day stations but no quantita¬ 
tive discussion of it is attempted at this time. The vari¬ 
ations to be considered are those in the normal activity 
of earth-current flow, as evidenced by the differences 
from time to time in the diurnal variation on days not af¬ 
fected by disturbances. Variations of this nature were 
found by Weinstein [l]at Berlin and by Bauer [2] and others 
for Ebro to be markedly affected by variations in sunspot 
number, and the purpose of the present work is to de¬ 
termine just how close an agreement in this respect is 
indicated by the records from Watheroo and Huancayo. 

As a measure of this normal earth-current activity, 
the amplitude of the diurnal variation is convenient and 
quite satisfactory since, at most stations, the changes 
which occur in it from day to day or from year to year 
are chiefly changes in amplitude. Hence the magnitude 
of the change in normal activity is shown very well in a 
general way in Figure 1. Here we have the annual hodo- 
grams of earth-current potential gradient at Watheroo, 
Huancayo, and Tucson for the years 1932, near the sun¬ 
spot minimum, and 1937, during which the sunspot maxi¬ 
mum occurred. The hodograms for the intervening years 
show a progressive increase in size with increasing sun¬ 
spot number. 

While hodograms show the general way in which the 
diurnal variation changes with sunspot number, detailed 
comparison of a quantitative nature is made more read¬ 
ily if the geographical components of earth potential 
gradient are used. So Figure 2 shows the mean monthly 
and mean annual ranges of the diurnal-variation curves 
for the northward component at Watheroo and Tucson, 
and for both northward and eastward components at 
Huancayo, together with the mean annual sunspot num¬ 
bers for the years during which the stations have been 
in operation. Although designed to illustrate the changes 
in normal activity as distinct from those due to disturb¬ 
ances, the values shown are those for all days recorded. 
There is a definite difference between the diurnal varia¬ 
tion on calm and on disturbed days, but it is so small in 
comparison to the seasonal and other variations that it 
would be almost indistinguishable on the scale to which 
the curves have been drawn. Hence, since either the use 
of calm days or all days gives essentially the same re¬ 
sult, the latter is preferred because it eliminates the 
possibility of any effect of bias in making the selection. 
For Watheroo, the northward component alone has been 
considered, because the eastward component is so small 
at that station as to be practically negligible, and the 
northward component is, consequently, quite representa¬ 
tive of the earth-current flow as a whole. The eastward 
component at Tucson is also omitted in Figure 2; it is 
smaller than the northward component and its seasonal 
variations consist chiefly of a shift in the time of day at 
which maxima and minima occur, so that the small and 
irregular changes in range it exhibits do not give a good 
indication of changes in the normal activity. 

The variation in earth-current activity shown in 
Figure 2 is a combination of a large seasonal change 
with a somewhat smaller change which follows the sun- 
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spot-cycle. Now the seasonal changes in activity at 
Watheroo [3] and Huancayo [4] are definite and quite regular. 
They consist almost entirely of changes in range or am¬ 
plitude, with a sharply defined minimum at the winter 
solstice and maxima near the equinoxes. If then, instead 
of plotting the range in a given month, we plot the differ¬ 
ence between this range and the mean range for the same 
month over a complete sunspot-cycle, we should elimi¬ 
nate most of the effect of seasonal (change and obtain a 
better representation of the variations in earth-current 
activity which can be held due to changes in sunspot num¬ 
ber alone. The result of this treatment of the data is 
given in Figure 3. The solid earth-current curves show 
the differences between the range of diurnal variation in 
each month and the mean range for that month during the 
11-year period 1027-1937, while the smoother broken 
curves show the annual means of these differences. 

Mean monthly and mean annual sunspot numbers are 
given by the bottom curve. 

That the annual variation in earth-current activity is 
closely related to the sunspot-cycle is evident from the 
curves in Figure 2. The coefficient of linear correlation 
for the broken curves in that figure, which give the mean 
annual ranges of diurnal variation in comparison with 
mean sunspot number, calculated for the 11 -year period 
1927-1937, is 0.942 for the northward component at 
Watheroo, and 0.976 and 0.962 for the northward and 
eastward components, respectively, at Huancayo. When 
the entire 15-year period, 1924-1938, of recording at 
Watheroo is included, the correlation-factor obtained is 
0.862. The decrease in the coefficient may have some 
significarfce, but it is fact that between 1927 and 1937 the 
recording system at Watheroo was functioning with high 
precision as determined by a comparison of the inde¬ 
pendent simultaneous records, while the records obtained 
during the earlier years were somewhat less reliable be¬ 
cause of some experimentation in connection with the 
choice of electrode sites and the maintenance of the elec¬ 
trodes. It has also been found that gradual deterioration 


of the Insulation of lines and electrodes had affected 
somewhat the records during 1938. In view of these facts 
the slightly lower coefficient secured for the entire 15- 
year period may not be important. 

The solid curves in Figure 3, in which the effect of 
seasonal variation in earth-current activity has been al¬ 
lowed for, make it possible to follow from month to 
month the changes in activity in comparison with sunspot 
number. The factors of linear correlation with sunspot 
number as determined from these curves are as follows: 

Northward component, Watheroo, 1927-1937 0.797 

Northward component, Huancayo, 1927-1937 0.760 

Eastward component, Huancayo, 1927-1937 0.784 

Northward component, Watheroo, 1924-1938 0.731 

Here again the correlation factor obtained at Wathe¬ 
roo during the period 1927-1937 is somewhat better than 
that obtained when the entire period of operation is con¬ 
sidered, probably because of the more precise recording 
during those years. 

To sum up, the results from the recording stations 
at Watheroo and Huancayo indicate a high degree of cor¬ 
relation between the annual changes in earth-current 
activity and solar activity as indicated by sunspot num¬ 
ber. This confirms the conclusion of Weinstein and 
Bauer and is in turn checked by the results of observa¬ 
tions at Tucson. When allowance is made for the sea¬ 
sonal changes in earth-current activity, the records at 
Watheroo and Huancayo also show an unquestioned cor¬ 
relation in the changes from month to month in the two 
phenomena. The correlation factor of more than 0.75 
obtained in this connection indicates that more than half 
of the month-to-month Variation in earth-current activity 
is closely related to changes in solar activity. The re¬ 
sults at the two stations are very closely alike, as should 
be expected since the investigation deals only with the 
amount of activity and not its character. Hence latitude 
of station should not affect the results. 
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Fig. 1. Mean annual diurnal variation of earth currents for years near sunspot minimum and maximum, 1932 and 1937 
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LUNAR DIURNAL VARIATION IN EARTH CURRENTS AT HUANCAYO AND TUCSON 


Lunar diurnal variation (L) in the Earth's magnetic 
field is quite definitely established. It has been discussed 
by Chapman, Bartels, and others and its general features 
are well known. To sum these up briefly, L, for any ele¬ 
ment or any station, is semi-diurnal, the curves approach¬ 
ing closely to a double sine-wave. There is some differ¬ 
ence in phase and amplitude for different stations but 
the mean curves obtained at all stations are very much 
alike. When L is determined for different phases of the 
Moon, a decided difference is found between the hours of 
the daylight and those of darkness. The amplitude of the 
variation is increased markedly during daylight and cor¬ 
respondingly decreased during the night so that the curves 
are no longer semi-diurnal in character. 

Because of the close connection between earth cur¬ 
rents and terrestrial magnetism it is interesting to see 
how much, if any, lunar diurnal variation is detectible in 
the results of earth-current measurements. And since, 
as has been pointed out frequently, earth-current studies 
must be largely restricted to a study of variations, the 
interest in lunar diurnal variation should be more pro¬ 
nounced in their case. However, until recently the exist¬ 
ence of a lunar diurnal variation in earth-current flow 
has merely been inferred from that found in the Earth's 
magnetic field and very little has been done in the way of 
evaluating it. During the past year Egedal [1] published a 
summary of the results of his analyses of a single year's 
records from Ebro showing the lunar diurnal variation at 
that station, and Rougerie [2] reported on that determined 
from the records obtained at the installation at Parc St. 
Maur at Paris during the last part of the last century. 
Aside from these two papers practically nothing has been 
published on the subject. 

The present report covers some preliminary work on 
the determination of lunar diurnal variation in earth 
currents at Huancayo and Tucson, directed primarily to¬ 
ward finding out just what is the best method for deter¬ 
mining L ec , and the amount of data necessary for a satis¬ 
factory evaluation of it. The records treated are those 
Tor the year 1932. This year was close to the last 
sunspot minimum and consequently was a period of low 
magnetic ana earth-current activity and of minimum dis¬ 
turbance. 

The first step taken in order to determine whether 
the lunar diurnal variation is of sufficient magnitude to 
be important consisted of an examination of the usual 
solar diurnal-variation curves for lunar effects. Figure 
1 shows the solar diurnal variation at Huancayo at the 
four main phases of the Moon for the year 1932. The 
solid curve is for New Moon. It was constructed from 
the records from 29 days when the upper transit of the 
Moon occurred between llh and 13h solar time. The 
broken curve is for Full Moon, from 34 days when the 
upper transit fell between 23h and lh; the two dotted 
curves represent conditions at Quarter Moon, from ap¬ 
proximately the same number of days when the upper 
transit occurred between 15h and 17h, and between 5h 
and 7h, solar time, respectively. The solar diurnal- 
variation curve at Huancayo is primarily one of single 
period, yet it is quite definitely modified by the semi¬ 
diurnal lunar variation, the modification appearing 
chiefly as a shift in the times of the daily maximum and 
minimum. Although only a comparatively few days' rec¬ 


ords are included in the curves in Figure 1, the differ¬ 
ences are quite as distinct as those found between calm 
and disturbed days over a period of several years. Har¬ 
monic analyses were made of these data and the harmonic 
dials for the first four components all indicate a rotary 
motion of the solar vector such as should accompany the 
superposition of a lunar variation upon it. 

A similar examination of the solar diurnal variation 
at Tucson, using practically the same days, was also 
made. The curves obtained for this station were some¬ 
what less regular, partly because of the greater amount 
of disturbance at the higher latitude, but they show a pro¬ 
nounced lunar effect. This is readily apparent when the 
data are presented in the form of hodograms as shown 
in Figure 2. 

Because of the large seasonal changes in earth-cur- 
rent flow at Tucson [3] it seemed possible that some of 
the differences shown in Figure 2 might be due to irreg¬ 
ular distribution of the days throughout the seasons, the 
records not being complete enough to permit an exact 
distribution. Harmonic analyses of the mean records 
for the 107 days used indicated that they are highly rep¬ 
resentative, practically no difference being noted either 
in phase- or amplitude-coefficients between these days 
and all days of the year. As a further check on this 
point another set of hodograms was constructed using 
only the period from April to October, during which the 
form of the solar hodogram does not change materially. 
This comparison, which omitted the comparatively in¬ 
active months of November, December, and February, 
and the anomalous ones, January and March, showed the 
same type of difference at the several phases of the 
Moon as that seen in Figure 2. 

It might be mentioned here that neither in the exami¬ 
nation of the solar diurnal variation nor in the determi¬ 
nation of the lunar variation was there any selection of 
days with reference to calmness or disturbance. In con¬ 
structing the mean curves all days for which the record 
was complete were used, and the only selection made 
in testing the results at different phases of the Moon was 
the phase of the Moon itself. Moreover, it so happens 
that the average character-figure for each of the groups 
of days corresponding to a given phase of Moon was just 
about the same and also just about the same as that for 
the year as a whole. Hence while disturbances must 
have some effect when the days included are so few, 
they can scarcely be held responsible for the greater 
part of the differences found in the curves. 

Since a definite lunar effect was thus shown in the 
solar diurnal-variation records, the evaluation of the 
lunar diurnal variation itself was next in order. There 
are two methods by which it can be determined. The 
more usual one is that used by Chapman and others on 
the magnetic records. In it the solar variation is re¬ 
moved from the hourly data for each component by sub¬ 
tracting from each hourly value during a given period 
(usually, and in this case, one month) the mean departure 
for that period at that solar hour from the monthly mean. 
The revised hourly values are then rearranged in rows 
each containing 24 or 25 successive values, the initial 
value in each row being that for an hour nearest to a 
given lunar transit. The lunar diurnal variation may then 
be dete rmined by averaging up the columns and subtracting 
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each from the mean of all Just as the solar diurnal 
variation is obtained from the original records. Ade¬ 
quate evaluation depends merely on having enough data 
so that variations due to disturbances will average out-- 
as they will eventually since they are not related to 
lunar time. 

Mean lunar diurnal-variation curves for the year 
1932, determined in this way, are shown for the north¬ 
ward and eastward components of earth-current poten¬ 
tial-gradient at Huancayo and Tucson in Figures 3 and 4. 
All complete days were used in the case of both observa¬ 
tories, the number of days included ranging from 324 to 
328 for the individual curves. Harmonic analyses of the 
data, as given in Table 1, bring out even more clearly 
than do the curves the simple semi-diurnal character of 
the variation. The magnitude of the lunar diurnal varia¬ 
tion differs by a factor of two or more at Huancayo and 
Tucson, a result which is not unexpected since the solar 
diurnal-variation curves for these two stations differ 
markedly both in form and magnitude. Reference to 
Table 1 will show, however, that the ratio of the ampli¬ 
tude of the second or principal harmonic of the lunar var¬ 
iation to that of the solar variation is very nearly the 
same in both cases. 


same preference for flow along a line somewhat east of 
north (approximately along the magnetic meridian), which 
is apparent in the solar hodograms for this station during 
the greater part of the year. 

A determination of the lunar diurnal variation at 
various phases of the Moon was next attempted. The re¬ 
sults for Huancayo are shown in Figures 5 and 6. Start¬ 
ing at the top of Figure 5, we have the lunar diurnal var¬ 
iation of the northward component at New Moon, a curve 
constructed from the records of 24 days when the upper 
transit occurred between llh and 13h solar time. Follow¬ 
ing in order are. First Quarter (24 days--upper transit 
between 15h and 17h), Full Moon (32 days--upper transit 
between 23h and lh;, and Last Quarter (27 days--upper 
transit between 5h and 7h). The bottom curve is the mean 
curve for the year (328 days). Figure 6 gives a similar 
set of curves for the eastward component. The hqavy 
portions of the curves represent hours of daylight. 

The solar diurnal variation having been eliminated 
in the process of determining the lunar variation, the 
curves in Figures 5 and 6 are unaffected by solar varia¬ 
tions except in so far as variability in the solar diurnal 
variation from day to day may result in some residue of 
it existing in the data. Hence the curves represent mostly 


Table 1. Fourier analyses of earth-current potential gradient records, showing lunar diurnal variation 
in comparison with solar diurnal variation, Huancayo and Tucson Magnetic Observatories, 1932 


Diurnal 

variation 

Amplitudes 
and phase 

Huancayo 

Tucson 

Northward 

component 

Eastward 

component 

Northward 

component 

EastJaVd 

component 

Lunar 

cj in mv/km 

0.01 

0.02 

0.05 

0.01 


c 2 in mvAm 

0.08 

0.09 

0.23 

0.11 


c 2 in mvAm 

0 

0.01 

0.03 

0.04 


C 4 in mvAm 

0.01 

0.01 

0.04 

0.03 


0 2 m 

280 

83 

289 

242 

Solar 

Cj in mvAm 

0.55 

0.64 

0.27 

0.31 


c 2 in mvAm 

0.47 

0.55 

1.28 

0.35 


C 3 in mvAm 

0.24 

0.29 

0.68 

0.?7 - 


C 4 in mvAm 

0.07 

0.09 

0.24 

0.13 


. ^ . 0 

<f> 2 m 

176 

358 

263 

228 

Ratio (c 2 lunar/c 2 solar) 

1/6 

1/6 

1/5 

1/3 


For Ebro (1910) Egedal gives c 2 lunar as 1.95 rnvAm; this is about one-fifth of the value for c 2 solar 
for that station as determined by Bauer and Ennis. 


The hodograms, or vector-diagrams, in Figures 3 
and 4 do depart considerably from the ideal double loops 
which would be given by purely double sine-curves. The 
rather sharp breaks in the Tucson hodograms are typical 
of disturbance effects and are almost certainly due to 
the fact that such effects have not been averaged out. The 
inclusion of more data can be expected to result in a 
much smoother graph. Both hodograms show a restric¬ 
tion in the direction of current flow, most pronounced at 
Huancayo where the greater part of the flow occurs along 
a line nearly northwest tq southeast. An exactly similar 
restriction is a feature of the hodograms representing 
solar diurnal variation at this station. This strengthens 
tne conclusion that it is due at least in part to topograph¬ 
ical conditions. There is less restriction of the direction 
of flow at Tucson, but the hodogram does indicate the 


changes in the lunar diurnal variation itself . The chief 
feature of the curves is the markedly greater activity re¬ 
corded during the hours of daylight. Just as has been 
found in magnetic studies, the general features of the 
graphs for the individual phases of the Moon are such as 
would be obtained from the mean graph by increasing the 
range during the day and decreasing it at night. No 
smoothing process has been applied to the data and the 
curves are admittedly rough, but the really remarkable 
feature of them is that such definite evidence of the 
changes which occur in the lunar diurnal Variation can be 
shown from so few data. 

The same treatment of the single year's records 
from Tucson, applied to the northerly component only, 
did not give such satisfactory results. The curves con¬ 
structed for the individual phases of the Moon were too 
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irregular to show with any clearness how the lunar diur¬ 
nal variation changes with the phase of the Moon. The 
greater influence of disturbances as one moves away 
from the equator may be considered chiefly responsible, 
although the changes which take place in the solar varia¬ 
tions throughout the year at this station may have some 
effect also. It appears that a number of years* data will 
have to be included to get a fair picture of such changes 
at Tucson. 

Results of harmonic analyses of the lunar diurnal 
variation at different phases of the Moon are shown for 
both stations in Table 2. Reference to this Table shows 
that the curves for the individual phases of the Moon at 
Tucson are still predominately of double period, the am¬ 
plitude coefficients for the second harmonic being con¬ 
sistently larger than those for the first, third, or fourth. 
At Huancayo, on the other hand, the first and third har¬ 
monics of the individual curves are at least as great as 
the second. Hence the Tucson data, crude as they are, 
do show one thing, namely, that the changes in the lunar 
diurnal variation with phase of the Moon are less pro¬ 
nounced there than they are at Huancayo. This would 
indicate that the lunar variation at higher latitudes is 
less subject to changes due to variations in the ioniza¬ 
tion of the L-layer wherever it may be, than it is near 
the equator. 


occasionally 30, the lunar diurnal variation being ob¬ 
tained as before by averaging the columns and subtract¬ 
ing from each the mean of all. This method eliminates 
one operation--the subtraction of the solar variation-- 
but requires rather more complete records. Using the 
usual method incomplete daily records can be ignored, 
but in this second method it is necessary to interpolate 
values or else drop a lunar day for every missing solar 
hour's record. As far as earth currents are concerned 
it is open to the objection that the results are far more 
likely to be influenced by variations in the contact 
potentials at the electrodes. If enough data are used this 
type of variation should average out just like that due to 
disturbances, but for periods of a month or even a year, 
rather serious errors might be introduced into the results 
from contact-potential variations. 

The longer the lines used to measure earth currents 
the lfess strength there is to this objection and the 
method affords a means to check the results obtained at 
a station like Tucson. Figure 7 shows the lunar diurnal 
variation in the northerly component at Tucson as de¬ 
termined by the two methods. The top curve is the 
all-year curve obtained by the first method. It is very 
like the true northward curve seen in Figure 4. The 
second curve was obtained by the second method for half 
the year. “Half-year” in this case does not mean six 


Table 2. Fourier analyses of lunar diurnal variation in earth-current potential gradient for separate 
phases of the Moon at Huancayo and Tucson Magnetic Observatories, 1932 


Observatory 

Amplitudes 

Mean 

New 

First 

Full 

Last 

and component 

and phase 

Moon 

Quarter 

Moon 

Quarter 

Huancayo, northward 

-,- 

Cj in mvAm 

C 2 in mvAm 

0.01 

0.07 

0.09 

0.08 

0.09 

0.08 

0.12 

0.03 

0.06 

0.07 


C 3 in mv/km 

0 

0.08 

0.06 

0.08 

0.05 


c a in mvAm 

0.01 

0.05 

0.02 

0.08 

0.06 


<t>2 m 

280 

264 

277 

254 

289 

Huancayo, eastward 

C] in mvAm 

0.02 

0.07 

0.11 

0.03 

0.08 

C 2 in mvAm 

0.09 

0.10 

0.05 

0.06 

0.07 


C 3 in mvAm 

0.01 

0.09 

0.08 

0.10 

0.07 


Ca in mvAm 

0.01 

0.05 

0.02 

0.10 

0.09 


. . 0 

02 ln 

83 

96 

68 

101 

77 

Tucson, northerly 

cj in mvAm 

C 2 in mvAm 

0.05 

0.12 

0.11 

0.05 

0.05 

0.26 - 

0.40 

0.30 

0.29 

0.43 


c^ in mvAm 

C 4 in mvAm 

0.03 

0.14 

0.28 

0.20 

0.10 


0.02 

0.09 

0.20 

0.08 

0.19 


0 2 in ° 

286 

292 

283 

296 

293 


An alternate method may be used to determine lunar 
diurnal variation, similar to that employed by Egedal in 
his study of the Ebro records. It simply consists of 
taking the usual monthly tabulation sheet for a given 
component, starting at the value for an hour which co¬ 
incides with a lunar transit. If we proceed up the sheet 
from this point, each value is theoretically unaffected by 
solar diurnal variation since it comes in the same solar 
hour, but each represents a progressively later interval 
in the lunar day until we come to a value which coincides 
with the same lunar transit from which we started. It is 
consequently merely necessary to rearrange the values 
in rows as before without subtracting out anything. In¬ 
stead of 24 or 25 values in each row, we have 28, 29, or 


months. In order to average out seasonal effects and at 
the same time have a sufficient number of lunar days in 
each group when the year was still further subdivided, 
the year was split up, as we might say, vertically instead 
of horizontally. Thus the second curve was obtained by 
.using the records for the solar hours 12 to 24 for all 
days of the year. The curve so constructed is somewhat 
more irregular than the top curve but not more so than 
should be expected since it includes only 137 lunar days 
as against 326 for the all-year curve. The two lower 
curves were also obtained by the second method for 
quarter-year periods--the split being again made verti¬ 
cally. The third curve includes the daylight hours, 12 to 
18, and represents a total of 72 lunar days, while the 
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Table 3. Fourier analyses of lunar diurnal variation in earth-current potential gradient as 
determined by methods of Chapman and Egedal for entire year and for selected solar 
hours for records from northerly line only; direction 19° 33 ' east of north, 

Tucson Magnetic Observatory 


Amplitudes 

and 

phase 


Cj in mv/km 
C 2 in mvAm 
Cg in mvAm 
C 4 in mv/km 
0 2 in 0 


After Chapman 

Entire year 

326 lunar days 

After Egedal 

Day and night 
137 lunar days 
solar hours 

12 to 24 

Day only 

72 lunar days 
solar hours 

12 to 18 

Night only 

65 lunar days 
solar hours 

18 to 24 

0.05 

0.06 

0.15 

0.04 

0.26 

0 . 2 $ 

0.27 

0.19 

0.03 

0.01 

0.02 

0.03 

0.02 

0,08 

0.09 

0.04 

286 

299 

292 

305 


fourth one includes the dark hours, 18 to 24, a total of 
65 lunar days. Harmonic analyses of these curves gave 
results as shown in Table 3. 

Curves of the actual lunar diurnal variation at differ¬ 
ent phases of the Moon, like those shown for Huancayo in 
Figures 5 and 6 , cannot be obtained by the second method. 
There can be determined, however, a pseudo-lunar diur¬ 
nal variation, for day, or for night, or for any given solar 
hour of the day, which will represent what the lunar diur¬ 
nal variation would be if the conditions affecting the ioni¬ 
zation of the L-layer were more or less constant at their 
average value for the part of the solar day considered. 
Such pseudo-lunar diurnal variation, which, strictly 
speaking is just as real as the mean lunar diurnal varia¬ 
tion itself, should result in curves--and as far as it has 
been determined does result in curves--of double period 
like the mean curve. The two lower curves in Figure 7 
are of this character. Both the curves and the analyses 
of them show some diminution in amplitude during the 
hours, of darkness but considerably less than would be 
expe'ljted on the basis of th curves obtained by the other 
method at Huancayo. However, since the first method 
also, when applied to Tucson, indicated that the lunar 
diurnal variation there changes less with phase of the 
Moon than does that at Huancayo, the results of the two 
methods are in substantial agreement. 

With the exception of a curve showing the mean lunar 
diurnal variation for the year Egedal's results for Ebro 
are all given in terms of the amplitude coefficient and 
phase-angle of the second harmonic. They may be briefly, 
summarized as follows: 

Table 4. Lunar diurnal variation at Ebro for year 191U 


Period 

c 2 

<t> 2 


mv/km 

0 

All-year curve, both day and night 

1.95 

33 

Daylight hours, 6 to 19 

, 2.2 

44 

Night hours, 1 20 to 5 

1.8 

15 


Since Ebro and Tucson are both middle-latitude sta¬ 
tions, the Ebro results should be expected to resemble 
those at Tucspn rather than at Huancayo. In his original 
paper Egedal reported considerable differences both in 


phase- and amplitude-coefficients for the lunar variations 
during the day and night but recently revised his results 
to those shown here. These, it will be noted, are quite 
similar to the Tucson results in this respect. Referring 
to the mean lunar diurnal variation Egedal states that its 
amplitude is about one-tenth that of the solar diurnal var¬ 
iation. His value of 1.95 mv/km is, however, about one- 
fifth that of the coefficient C2 of the solar diurnal, varia¬ 
tion at Ebro as determined by Bauer and Ennis, so that 
a comparison of the lunar and solar variations on the 
basis shown in Table 1 for Huancayo and Tucson gives 
very similar results as to their comparative magnitudes. 

Rougerie recently published a brief article on the 
lunar diurnal variation in earth currents at the Parc St. 
Maur station near Paris. He finds its amplitude to be 
equal to one-quarter the total solar diurnal variation. 

It is possible that he refers to the amplitude of the sec¬ 
ond harmonic of the solar variation instead of to the total 
variation. On this basis the results are quite comparable 
to those determined here. 

To sum up, it appears that the general features of the 
lunar diurnal variation in earth-current flow can be de¬ 
termined from a comparatively short series of records. 
Two or three years should be quite adequate. The 
monthly mean Lee is semi-diurnal and its amplitude is 
not more than one magnitude smaller than that of the 
solar diurnal variation. As in the case with the magnetic 
elements, the form of the mean curves seems to be in¬ 
dependent of latitude, in which respect they differ mark¬ 
edly from the curves of solar diurnal variation. At an 
equatorial station the variation of L with phase of the 
Mooi\is obtained with fair accuracy from a single year's 
record and is similar to that found in the magnetic ele¬ 
ments. For higher-latitude stations additional data will 
be required to show variations of this kind. There is ap¬ 
parently less difference between conditions during the 
day and night affecting lunar diurnal variation in middle 
latitudes than at the equator, which indicates that the 
effects of variations in the ionization of the L-layer are 
most pronounced near the equator. To determine such 
features as the annual variation in L, its relation to the 
sunspot-cycle, variation with magnetic and earth-current 
activity, and any day-by-day variation on quiet days, con¬ 
siderably longer periods of recording must be considered. 
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Fig. 1. Solar diurnal variation in earth currents at principal phases of Moon during 
year, Huancayo Magnetic Observatory, 1932 



Fig. 2. Solar diurnal variation in earth currents at given phases of Moon, Tucson Magnetic Observatory, 
1932, at given 105th west meridian hours 
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Fig. 3. Mean lunar diurnal variation in earth currents, Huancayo Magnetic Observatory, 1932 



Fig. 4. Mean lunar diurnal variation in earth currents, Tucson Magnetic Observatory, 1932 
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SCALES OF MV/KM 



FIRST QUARTER (2A DAYS, 
UPPER TRANSIT BETWEEN 
IS* AND 17* SOLAR TIME) 


y\ 



FULL MOON (32 DAYS, 
UPPER TRANSIT BETWEEN 
23 h AND f h } SOLAR TIME) 




LAST QUARTER (27 DAYS, 
UPPER TRANSIT BETWEEN 
5^ AND 7 h , SOLAR TIME) 



Fig. 5. Lunar diurnal variation in eastward earth current component, Huancayo Magnetic 
Observatory, 1932, showing change with phase of Moon (heavy portions of curves cor re 
spond to daylight hours) 







NEW MOON (24 DAYS, 
UPPER TRANSIT BE TWEEN 
H h AND !3 h , SOLAR TIME) 


FIRST QUARTER (24 DAYS, \ 
UPPER TRANSIT BETWEEN 
IS h AND !7 h , SOLAR TIME) 


FULL MOON (32 DAYS, ' 
UPPER TRANSIT BETWEEN 
23 h AND ! h , SOLAR TIME) 


LAST QUARTER (27 DAYS, 
UPPER TRANSIT BETWEEN . 

5 h AND 7 h , SOLAR TIME) \j 


/\ 



Fig. 6. .Lunar diurnal variation in northward earth current component, Huancayo Magnetic 
Observatory, 1932, showing change with phase of Moon (heavy portions of curves corre¬ 
spond to daylight hours) 
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